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I.  SU.ji.iARY  • . ' - . 

A,  This  quarterly  report  is  subnatted  under  Contract  N7onr-U6208  and 
covers  the  period  1 August  through  3l  October  1953.*  The  objectives***"  of  the 
contract  are  threefold: 

1.  Synthesis  and  physical  studies  of  new  high-energy  polynitro 
compounds  as  potential  explosives. 

2.  Desensitization  of  RDX  with  materials  that  will  not  lower 
the  oxygen  balance  appreciably. 

3.  Development  of  bomb  and  shell  casings  made  of  an  explosive 

plastic. 

B.  The  more  important  results  and  conclusions  are  presented  below; 

1.  Three  polynitrocarbamates  were  synthesized: 

a.  2,2,9.9»16, 16-Hexani tro-5 » l3-diaza~6 , 12-diketo- 
7.11-dioxa-heptadecane  (l)  from  3,3-dinitrobutyl  isocyanate  and  2,2-dinitro- 
1 . 3-pr opanedio 1 . 


b.  l,l,l-Trinitro-3-oxa-U-keto-5-aza-heptane  (II)  from 
ethyl  isocyanate  and  2,2,2-trinitroethanol. 

c . 1,1,1,8,11,18,18, l8-0c tani tro-3 , l6-dioxa-b , l5-dike  to- 
5»cs,ll,lU-tetraza-octadecane  (ill),  from  3, 6-dinitraza-l, 8-octane  diisocyanate 
and  2,2,2-trinitroethanol. 

2.  Three  postnitrated  polynitrocarbamates  were  prepared; 

a . 2,2,5,9,9,13,16, l6-Octanitro-5 » l3-diaza-6, 12-dike to- 
'?,ll-dioxa~heptadecane  (IV)  by  the  nitration  of  I. 

b.  l,l,l,5-Tetranitro-3-oxa-U-keto-5-aza-heptane  (V) 
by  the  nitration  of  II. 


Previous  work  on  this  contract  was  covered  in  Aerojet  Reports  No.  5l2, 

538,  562.  589,  621,  637,  660,  682,  7H,  and  737. 

Recently  a conference  was  held  with  representatives  of  the  Bureau  of 
Ordnance  and  the  objectives  of  the  contract  were  changed.  In  the  future, 
emphasis  will  be  placed  on  developing  new  synthetic  methods  for  the  prepara- 
tion of  explosives  and  new  types  of  explosive  comoounds.  '<7ork  on  the 
desensitization  of  RDX  will  be  discontinued,  and  the  development  of  bomb 
and  shell  casings  made  of  an  explosive  plastic  will  be  postponed. 
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c.  1,1» 1.5»  8, 11, Ikt l8,10,l8-Decanitro-3, l6-dioxa-U» l^-diketo- 
5»8,ll,lU-tetraza-octaclecane  (VI)  by  the  nitration  of  III* 

3.  Two  aliphatic  secondary  polynitronitramines  were  prepared, 

a.  Condensation  of  2,2,2-trinitroethanol  and  3,6- 
dinitraza-1, 8-octane  diamine  gave  l,l,l,6,9»lU»lU,lll*lU-octanitro-3,6,9,12- 
tetraza-te trade cane  (VII),  Nitration  of  VII  yielded  l,l,l,3,6,9»12,lU,lU,lU- 
decanitro-3,6,9»12-tetraza-tetradecane  (VIII), 

b.  Condensation  of  2,2,2-trinitroethanol  and  3-nitraza- 
1, 5-pentane  diamine  gave  1,1,1,6,11, 11, ll-heptanitro-3, 6, 9-triaza-undecane 
(IX).  Nitration  of  IX  yielded  1, 1,1, 3, 6, 9, 11,11, ll-nonanitro-3, 6, 9-triaza- 
undecane  (X). 

U.  N,N»-bis(3,3-Dinitrobutyl)  oxamide  (XXI)  was  prepared  by 
the  condensation  of  3 , 3-di’nitrobutyl  amine  and  ethyl  oxalate.  Nitration  of 
XXI  gave  N , N » -dinit ro-N, N * -bi s ( 3 , 3-di ni trobutyl ) oxamide  (XXII), 

5.  Four  2,2,2-trinitroethyl  esters  were  prepared  from  the 
corresponding  acid  chloride,  2,2,2-trinitroethanol,  and  a catalytic  amount 
of  anhydrous  aluminum  chloride. 

a , bis( 2,2, 2-Trinitroe thyl)-U, U-dinitroheptane- 

dioate  (XXIII ). 

b . bis( 2,2, 2-Trinitroe thyl )-U-nitraza-heptanedioate 

(XXIV). 

0 . bis(2,2 , 2-Trinitroethyl)-U, 7-dinitraza-decane- 

dioate  (XXV 

d.  2, 2,2-T^init^oethyl-3,5,^-trinitro-3-aza- 

hexanoate  (xxvi), 

6.  An  alternate  synthesis  of  l-nitrato-3,5,5-trinitro-3-aza- 
hexane  (XXVIII)  was  made  and  its  structure  confirmed. 

7.  2,U,U-Trinitro-2-aza-amyl  isocyanate  (XXX)  was  isolated, 
purified,  and  proved  to  be  extremely  unstable  and  dangerous  at  room  tempera- 
ture. 


8.  Twelve  of  the  new  compounds  were  submitted  to  the  Naval 
Ordnance  Laboratory  for  evaluation  as  potential  explosives.  The  preliminary 
evaluation  of  many  of  these  compounds  is  described, 

9.  SPIA  data  sheets  have  been  couple ted  on  16  compounds  and 
are  included  in  the  appendix, 

10.  A summary  of  the  heats  of  formation  and  oxygen  contents  of 
the  explosive  compounds  prepared  on  this  program  has  been  compiled. 
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II.  TECHNICAL  PROGRESS;  SYNTHi^iSIS  OF  NE'"f  HIGH  EXPLOSIVES 

A.  INTRODUCTION 

1.  The  present  explosives  program  is  directed  toward  the 
synthesis  of  new,  stable,  high-energy  polynitro  compounds  with  a preferred 
oxygen  balance  on  the  positive  side  or  very  near  zero  on  the  negative  side. 

2,  This  report  describes  the  synthesis  of  aliphatic  polynitro- 
carbamates,  polynitronitramines,  polynitronitramides , polynitroesters,  and 
polynitronitrates « 

B.  PREPARATION  OF  ALIPHATIC  POLYNITROCARBAIvIATES 

1.  Discussion 

The  preparation  of  aliphatic  polynitrocarbamates  for  evalua- 
tion as  high  explosives  has  been  previously  reported This  work  is  being 
continued . 


synthesized; 


a.  The  following  aliphatic  polynitrocarbamates  were 


( 1 )  2 , 2 , 9 , 9 » 16, l6-Hexanitro-5  * l3-diaza-6 , 12-dike to- 
7,11-dioxa-heptadecane  (I)  from  3,3-dinitrobutyl  isocyanate  and  2,2»dinitro- 
1, 3-propanediol; 


■NO. 


NO. 


2CH,CCH.CH.NC0  + C— 
3|  2 2 I 


NO. 


NO. 


CHgOH 


N0„  r OH  NO. 

I ^ VI  I ^ 

->  C—  CH.OCNCH.CH.CCH, , 
I 2 2 2|^  3| 

NO,  NO, 

I 


(2)  l,l,l-Trinitro-3-oxa-U-keto-5-aza-heptane  (ll) 
from  ethyl  isocyanate  and  2, 2,2-trinitroethanol: 

H 

CH^CHgNCO  + H0CH2C(N02)3 > CH2CH2ic02CH2C(N02)3 

II 


( 3 ) 1, 1 , 1 , 8 , 11 , 18 , 18 , l8-0c ta  nit ro-3 , l6-dioxa-U. l5-diketo- 

5,8,ll,lU-tetraza-octadecane  (III)  was  prepared  by  the  addition  of  two  moles 
of  2, 2,2-trinitroethanol  to  one  mole  of  3, 6-dinitraza-l, 8-octane  diisocyanate; 


* Aerojet  Reports  No.  562,  589*  621,  and  737. 
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NOg  H 

CH2NCH2CH2NCO2  CHgC ( NOg ) 3 

III 

b.  Two  new  alcohols,  ?-nitrato-ethanol  and  2-nitramino- 
ethanol,  were  investigated  as  intermediates  for  the  synthesis  of  high-energy 
polynitrocarbamates , These  alcohols  were  treated  with  3, 3,3-trinitropropyl 
isocyanate  and  3,3,5»7,7-pentanitro-5-aza-l,9-nonane  diisocyanate  to  give 
oils.  Crystalline  solids  could  not  be  obtained  by  the  nitration  of  these 
oils.  This  is  in  contrast  to  the  many  solid  post-nitrated  polynitrocarbamates 
that  have  been  prepared  from  such  intermediate  oils. 

2,  Experimental 

The  general  procedure  employed  was  to  reflux  equivalent 
quantities  of  the  alcohol  and  isocyanate  with  a catalytic  amount  of  ferric 
acetylacetonate  for  6 to  8 ho'oi's  in  dry  chloroform  or  ethylene  dichloride 
solution,  and  concentrate  in  vacuo.  The  results  are  smmnarized  in  Table  I. 

C.  PREPARATION  OF  POSTNITRATED  ALI.-mTIC  POLYNITROClRBAhATES 
1.  Discussion 


NO2 

CH2NCH2CH2NCO  + 2HOCH2C ( NO2 ) 3 


The  following  postnitrated  aliphatic  polynitrocarbamates 
v?ere  prepared  by  the  nitration  of  the  nitrocarbamates  described  in  II, B 
with  a.  mixture  of  100;^  nitric  acid  and  acetic  anhydride  at  5 to  10°C. 

a.  2, 2, 9*9,13, 16, l6-Octanitro-5  * l3-diaza-6 , 12-dike to- 
7,11-dioxa-heptadecane  (IV); 


NO, 
I ^ 

C— 

I 

NO, 


0 H N0„ 

11/  I 2 

CH2OCNCK2CH2CCH3J 

NO, 


NO, 


HNO 


2 ACgQ 


2^  c. 


0 N0„ 
\\l  2 


NO2 


NO, 


!CH20CNCH2CH2CCH3 
NO2- 
IV 


b . 1, 1, l,5-Tetranitro-3-oxa-U-keto-5-aza-heptane  (V ) : 


H NO 

I wwn  ' ^ 

CH^CH,NC0^CH^C(N02)3  3 CH,CH^NC0^CH^C(N0o). 


1 12  V V./ 2 ^ ■‘’2  ^ 

II 


ACjO 


V 


c . 1, 1 , 1 , 9 , 8 , 11, lU , 18 , 18 , 18-De  canitro-3 , l6-dioxa- 

li»l5-diketo-5*  8, 11,  llr-tetraza-octadecane  (Vl) : 
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NO,  H 

1 2 1 

HNO. 

r NO,  NO, 

\ ^ 1 

-GHgNGHgCHgNCOgGHgG (NOg ) 3 

2 

J \ 1 

ACgO  ^ 

.CH2NCH2CH2NG02CH2C(N02 ) ^ 

^ III 

^ VI 

<1 


2.  Experimental 

a.  The  general  procedure  used  was  to  cool  the  100^  nitric  acid 
to  0 to  and  add  the  acetic  anhydride  dropwise,  keeping  the  temperature  below 
10°C.  The  solid  nitrocarbamate  was  added  portionwise  at  5 to  10°C.  (Ten  ml  of 
100^  nitric  acid  and  10  ml  of  acetic  anhydride  was  used  per  gram  of  nitrocarbamate.) 
The  solid  dissolved  readily,  and  the  solution  was  stirred  for  20  min  at  ^ to  10°C 
and  poured  on  ice.  The  white  solid  was  collected,  washed  with  water,  and  dried 

in  vacuo  over  potassium  hydroxide. 

b.  In  the  instance  in  which  the  nitrocarbamate  was  an  oil 
(compound  II),  the  oil  was  dissolved  in  the  acetic  anhydride  and  the  solution  was 
added  dropwise  to  the  100^  nitric  acid,  keeping  the  temperature  at  5 to  10°C. 

c.  The  experimental r esults  are  summarized  in  Table  II. 

D.  PREPARATION  OF  AUPHATIC  SECONDARY  POLYNITRONITRAMINES 

1.  Introduction 


The  preparation  of  aliphatic  secondary  polynitronitramines  for 
evaluation  as  high  explosives  has  been  continued.*  This  class  of  compounds,  which 
is  high  in  explosive  power,  is  prepared  by  the  Mannich  condensation  of  a polynitro- 
alcohol  and  a polynitroamine,  followed  by  nitration  of  the  secondary  amine: 

H 

RNH^  + HOCH^R' RNGH^R*  RNlci^R' 

2.  Preparation  of  l,l,l,3,6,9,12,lU,lU,l)4-Decanitro-3,6,9»12- 
tetraza-tetradecane 


a.  Discussion 

(l)  The  condensation  of  two  moles  of  2,2,2-trinitro- 
ethanol  with  one  mole  of  3, 6-dinitraza-l, 8-octane  diamine  gave  1,1, 1,6, 9, lb, 1)4, 
lU  -octanitro-3,6,9,12-tetraza-tetradecane  (VII),  a bright  yellovT  solid,  mp 
100  to  105°C  dec.  Nitration  of  VII  with  a mixture  of  acetic  anhydride  and  100^ 
nitric  acid  at  low  temperatures  gave  a gummy  solid  which  was  difficult  to  purify. 
Howeter,  when  VII  was  nitrated  with  a mixture  of  concentrated  sulfuric  acid  and 
100!^  nitric  acid  at  30°C,  1,  l,l,3,6,9,12,l)4,ll4,ll4~decanitro-3,6,9,12-tetraza- 
tetradecane  (VIII)  was  formed.  VIII  is  a white  crystalline  solid,  mp  I66  to 
l67°G,  with  a calculated  lead -block  value  of  162  and  a calculated  ballistic- 
mortar  value  of  l36: 


For  previous  work  see  Aerojet  Reports  No.  621,  66O,  and  682. 
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_ NO-  ^ 

1 

r f 2 ? 1 

GH2NGH2CH2NH2-HG1 

+ 2(N02J3GGH20H  + 2NaOH-- 

CH2NGH2GH2NGH2G(N02)3 

VII 


r NO^  H 


GH2NGH2GH2NGH2G(N02J3 

VII 


HNO. 


H^SO^ 


r N0„  NO-  - 

1 ^ I ^ 

GH2NCH2GH2NGH2G(N02)3 

VIII 


2 


(2j  Compound  VIII  was  purified  by  re crystallization 
from  concentrated  nitric  acid,  and  the  analyses  were  in  close  agreement  with  the 
calculated  values.  However,  it  has  been  noted  in  the  past  that  solids  recrystal- 
lized from  nitric  acid  usually  retain  a small  amount  of  occluded  solvent,  which 
catalyzes  the  decomposition  of  the  compound  during  thermal  stability  te.sts  at 
elevated  temperatures.  Thus,  a true  criterion  of  the  actual  thermal  stability 
may  not  be  obtained.  For  this  reason,  a solvent  other  than  nitric  acid  was 
sought  for  the  purification  of  VIII.  It  was  found  that  the  product,  after 
reciystallization  from  nitric  acid,  could  be  recrystallized  from  acetone, 
raising  the  melting  point  from  166  to  167°G  dec  to  167  to  l69°C  dec.  However, 
the  analysis  and  heat  of  combustion  values  for  the  acetone-purified  product 
differed  greatly  from  the  calculated  values.  No  ready  explanation  was  apparent 
for  this  behavior. 


b.  Experimental 

(1)  A solution  of  69.5  g (0.38  mole)  of  2,2,2-trinitro- 

ethanol  in  250  ml  of  vrater  and  a solution  of  g (0.39  mole)  of  3,6-dinitraza- 

1, 8-octane  diamine  dihydrochloride  in  250  ml  of  water  was  placed  in  a one-liter 
three-necked  flask,  fitted  with  a mechanical  stirrer,  thermometer,  and  dropping 
funnel.  Then  a solution  of  15.3  g (0.38  mole)  of  sodium  hydroxide  in  100  ml 

of  water  was  added  dropwise  in  25  min,  the  temperature  rising  from  23  to  25°G, 

The  bright-yellow  solid  which  precipitated  was  collected  and  dried  in  vacuo 
over  potassium  hydroxide.  The  yield  of  crude  oroduct  was  quantitative,  mp 
100  to  105°G  dec. 

(2)  A mixture  of  500  ml  concentrated  sulfuric  acid 
and  550  ml  of  100^  nitric  acid  was  cooled  to  20°G  and,  with  good  stirring, 

56.2  g (O.l  mole)  of  the  above-mentioned  yellow  solid  was  added.  The  reaction 
mixture  was  heated  to  50°G  within  30  min,  held  at  this  temperature  for  20  min, 
cooled,  and  poured  on  ice.  The  white  solid  was  col3.ected,  washed  with  water, 
and  dried  in  vacuo  over  potassium  hydroxide.  The  yield  of  crude  pr'oduct  was 
quantitative,  mp  lU9  to  l55°C.  Three  recrystallizations  from  concentrated 
nitric  acid  gave  white  needles,  melting  at  166  to  l67°C, 
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Anal.  Calc'd  for  ^C,  18. Ul;  %E,  2.U7j 

Found:  ' %0,  16,22;  %n,  2.38j 

Heat  of  Combustion,  AH^,  Predicted:  2321  cal/g 

Found:  2222  cal/g 

Re crystallization  of  the  above  compound  from  acetone 
mp  167  to  169°C. 


30.06 
$6n,  29.86 


gave  a white  solid. 


Anal.  Found;  ^G, 

3. 


20.76;  ^H,  2.79';  ^N,  28.37;  AH^,  2^83  cal/g. 

Preparation  of  l,l,l,3,6,9,ll,ll,ll~Nonanitro- 
3 , 6 , 9~triaza-undecam 


a.  Discussion 

The  condensation  of  one  mole  of  3-nitraza-l,l^-pentane 
diamine  and  two  moles  of  2,2,2-trinitroethanol  yielded  1,1,1,6,11,11,11- 
heptanitro-3,6,9-triaza-undecane  (IX),  a yellow,  gummy  solid.  Nitration  of 
IX  with  a mixture  of  100)^  nitric  acid  and  concentrated  sulfuric  acid  at 
gave  l,l,l,3,6,9,ll,ll,ll-nonanitro-3,6,9-triaza-undecane  (X),  a white 
crystalline  solid,  mp  157  to  l58°C,  with  a calculated  lead-block  value  of 
175  and  a calculated  ballistic-mortar  value  of  l57: 


N— 


CH2CH2NH2«HC1 


+ 2(N02)3CCH20H  +_.2NaOH > N. 


N0_ 
I 2 


H - 

CH2CH2NCH2C(N02)3 
IX 


NO. 

L 


H 
i 

CH2CH2NCH2C(N02)3 
IX 


HNO, 

2-4  N — 


2 H2S0j^ 


• f2 

;CH2CH2NCH2C(N02)3 


Compound  X was  recrystallized  both  from  concentrated  nitric  acid  and  a mixed 
solvent  of  acetone  and  chloroform.  In  both  cases  the  analyses  checked  well 
with  the  theoretical  values. 

b.  Experimental 

(l)  A 22,1-g  (O.l  mole)  quantity  of  3-nitraza-l,5- 
pentane  diamine  dihydrochloride,  36.2  g (0.2  mole)  of  2,2,2-trinitroethanol, 
and  75  ml  of  water  was  placed  in  a 500-ml  three-necked  flask,  fitted  with  a 
mechanical  stirrer,  thermometer,  and  dropping  funnel.  A solution  of  8,0  g 
(0.2  mole)  of  sodium  hydroxide  in  50  ml  of  water  was  added  d ropwise  at  room 
temperature.  A yello'v,  gummy  solid  was  precipitated,  collected,  and  dried; 
the  weight  was  l5.7  g. 
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(2)  A mixture  of  1^0  ml  of  concentrated  sulfuric  acid 
and  175  ml  of  1005^  nitric  acid  was  cooled  to  20°C  and,  with  good  stirring,  l5.7  g 
of  the  above-mentioned  yellow,  gummy  solid  was  added.  The  reaction  mixture 
was  heated  to  50°C,  held  at  this  temperature  for  30  min,  cooled,  and  ooured 
on  ice.  The  white  solid  was  collected,  washed  with  water,  and  dried  in  vacuo 
over  potassium  hydroxide  to  give  5.0  g of  product.  Two  recrystallizations 
from  concentrated  nitric  acid  gave  white  needles,  mp  157  to  l58°C  dec. 

Anal.  Calc'd  for  CqH^2^^2°18'  17.03;  ^H,  2.lU;  $N,  29.79 

Found:  %Q,  17.57;  ]^H,  2.38;  ^N,  29.78 

Recrystallization  from  a mixture  of  acetone  and  chloroform  raised  the  melting 
point  to  158  to  l59°C. 

Anal.  Calc'd  for  CqH^2^12°18‘  17.03,  %H,  2.1U;  %N,  29.79 

Found;  %G.  17. U7;  2.h6;  ^N,  29.88 

U.  Attenpted  Preparation  of  1,1,1,3,6,6,8,10,10,13,15 >l5,l5- 
Tridecanitro-X  8, l3-triaza-pentadecane 

a.  Discussion 


The  condensation  of  one  mole  of  3,3,5,7, 7-pentanitro-5-aza- 
l,9-nonane  diamine  and  two  moles  of  2,2,2-trinitroethanol  gave  a yellow  solid,  mp 
105  to  118®C  dec.  Nitration  of  this  condensation  product  with  a mixture  of  100^ 
nitric  acid  and  concentrated  sulfuric  acid  at  25°C  gave  a white  solid,  mp  90  to 
110°C  dec.  All  at tenets  to  purify  this  product  were  unsuccessful. 


NO2 

N — 


- NO2 

CH2CCH2CH2NH2«HC1 

- NO., 


2 + 2H0GH2C(N02)2  2Na0H 


NO. 

I <: 

N— 


r NO, 


I 2 


GH2CCH2CH2NCH2C(N02)3 
- NOa 


■?°2 

r f 2 ? 

HNO.  ^°2 

r f2  f2  -| 

N 

CH2CCH2CH2NCH2C(N0^)3] 

N— 

0 

CHgC«H2CH2NCH2C(NQ2)3 

- NO,  -J 

H,S0, 

- NO, 

25°C 
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b.  Experimental 

(1)  A 22,8-g  (0.05  mole)  quantity  of  3, 3, 5,7,7- 
pentanitro-5-aza-l, 9-nonane  diamine  dihydrochloride,  18,1  g (O.l  mole)  of 
2,2,2-trinitroethanol,  and  ml  of  water  was  placed  in  a 500-ml,  three- 
necked flask,  fitted  with  a mechanical  stirrer,  thermometer,  and  dropping 
funnel,  A solution  of  U.O  g (0,1  mole)  of  sodium  hydroxide  in  25  ml  of 
water  was  added  dropwise  at  room  temperature.  A yellow  solid  was 
precipitated,  collected,  and  dried;  the  weight  was  17.0  g,  and  the  mp  was 
105  to  II8OC  dec. 

(2)  A mixture  of  4O  ml  of  100;?  nitric  acid  and 
UO  ml  of  concentrated  sulfuric  acid  was  cooled  to  25°C  and,  with  good 
stirring,  U.O  g of  the  above-mentioned  yellow  solid  was  added.  The  reaction 
mixture  was  stirred  for  20  min  at  25°C  ar)d  poured  on  ice.  The  white  solid  • 
was  collected,  washed  with  water,  and  dried;  the  ■'veight  was  U«3  g,  and 

the  up  was  90  to  110°C  dec.  All  attempts  to  purify  this  product  were 
unsuccessful. 

E,  ATTEtoi>TED  PRE  P.'LRATION  OF  ffilMRY  P0.LYNITR0NITRAMINES 
1,  Introduction 

One  of  the  generally  used  procedures  for  the  preparation  of 
primary  nitramines  is  as  follows: 


RNHg  + AcgO. 


H NO^ 

_iRN  ^ ) RN 

'Ac  Ac 


NH,  OH 


RN 


//Og^U  HCl 


/O2 


H 


This  method  is  successful  where  R is  an  alkyl  group  and  even  when  R contains 
a gem  dinitromethyl  group  (cf . 3,3-dinitro-l,5~pentane-dinitramine,  Aerojet 
Report  No.  621,  p.  11).  The  present  work  was  concerned  with  the  attempted 
conversion  of  3,3-dinitro-butyl  amine,  3-nitraza-l, 5-pentane  dianane,  and 
3, 6-dinitraza-l, 8-octane  diamine  to  the  corresponding  nitrandnes. 

2,  Attempted  Preparation  of  3,3-Dinitrobutyl  Nitramine 
a.  Discussion 

3,3-Dinitrobutyl  amine  hydrochloride  was  converted  to 
the  free  amine,  acetylated,  and  nitrated  to  give  N-nitro-N-acetyl  3,3-dinitro- 
butyl  amine  (XI),  a white  crystalline  solid,  mp  79  to  80°C, 
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N0„ 

( ^ 

CH^CCHgCHgNHg'HCl 

N0« 


NaOH 


NO. 

I ^ 


-^CH^CCHgCHgNHg 

N0„ 


A n NO.  „ 

Ac.O  I 2 H 

— ^ch,cch„ch.n' 

Jl  c c 


NO. 


Ac 


HNO 


3 

^ CH^CCHgCHgN^ 


NO. 


Ac 


XI 


Hydrolysis  of  XI  with  ammonium  hydroxide,  followed  by  acidification,  gave  a 
yellow  oil.  The  analysis  of  this  oil  did  not  correspond  to  that  of  any 
postulated  structure, 

b 4 Ex  pe  rime  nta 1 

» 

(1)  Forty  grams  (0,2  mole)  of  3,3-dinitrobutyl  amine  hydro- 
chloride, 75  ml  of  water,  and  250  ml  of  ether  was  placed  in  a 500-ral,  three-necked 
flask,  fitted  with  a mechanical  stiirer,  thermometer,  and  dropping  funnel. 

The  flask  was  cooled  in  an  ice  bath,  and  a solution  of  8.0  g (0,2  mole)  of 
sodium  hydroxide  in  25  ml  of  water  was  added  dropwise.  The  mixture  was 
stirred  for  30  min,  the  ether  layer  was  separated,  and  the  mixture  was 
dried.  The  ether  solution  of  the  free  amine  was  cooled  in  an  ice  bath, 
and  100  ml  of  acetic  anhydride  was  added,  A vigorous  reaction  occurred, 
with  an  initial  separation  of  white,  solid  which  dissolved  as  more  acetic 
anhydride  was  added.  The  solution  was  refluxed  for  one  hour,  cooled, 
and  added  dropwise  to  200  ml  of  100;^  nitric  acid,  keeping  the  temperature 
below  10°C.  The  solution  was  poured  on  ice,  precipitating  a white  solid 
which  was  collected  and  dried,  27.5  g (55^),  mp  79  to  80°C,  Recrystal- 
lization from  methanol  did  not  raise  the  melting  point. 

Anal.  Calc'd  for  C^H^QN^0^;  ^C,  28.80j  %H,  U.03;  ^N,  22. UO 

Found:  %C,  29.37;  ^H,  U.28;  $N,  22.27 

(2)  One  gram  of  N-nitro-N-acetyl-3,3-dinitrobutyl 
amine  and  10  ml  of  concentrated  ammonium  hydroxide  was  warmed  cn  a steam 
bath.  The  yellow  solution  was  cooled,  acidified  with  dilute  hydrochloric 
acid,  and  extracted  with  ether.  The  ether  solution  was  dried,  and  con- 
centrated to  give  0.8  g of  yellow  oil,  which  was  distilled  twice  from  a 
bulb  tube,  bp  80  to  85°C  (Ijp,),  n^6  1,14667, 

Anal.  Calc'd  for  CjHqNj^O^:  56C,  23.08;  3.88;  ^N,  26,92 

Found:  ^C,  27.66;  %H,  I4.UI;  ^N,  17.50 
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3 . Attempted  Preparation  of  3-Nitraza--l,$-pentane 

Dinil-ramine 


a.  Discussion 

3-Nitraza-l, 5-pentane  diamine  dihydrochloride  was 
converted  to  the  free  diamine  and,  acetylated  to  give  N, N’ -diace tyl-3-nitraza- 
l,5~pentane  diamine  (XII),  a white  crystalline  solid,  mp  197  to  199°C, 


NO. 

I 2 

N — 


CHgCHgNHg- 


HCl 


NaOCH. 


NO. 
l 2 

N — 


CHgCH^NHg 


ACgO 


f2 

^ N 


H 


CH^CH^N^ 


'Ac 


XII 


However,  nitration  of  XII  did  not  give  the  desired  N,N' -diacetyl  N,N'-dinitro- 
3-nitraza-l,5-pentane  diamine  but  instead  water-soluble  products. 

b.  Ej^ierimental 

A 1.U069  N solution  of  sodium  methoxide  in  methanol 
(lU2.2  ml,  0.2  mole)  was  added  dropwise  with  stirring  at  0 to  5°C  to  a suspen- 
sion of  22.1  g (0.1  mole)  of  3-nitraza-l, 5-pentane  diandne  dihydrochloride  in 
50  ml  absolute  methanol.  The  mixtirre  was  stirred  for  30  rain  at  0 to  5®C,  and 
the  precipitate  of  sodium  chloride  was  removed  by  filtration  and  washed  with 
methanol.  The  solution  was  concentrated  in  vacuo  and  diluted  with  125  ml 
of  methylene  dichloride.  To  this  solution  was  added  portionwise  30  ml  of 
acetic  anhydride.  A vigorous  reaction  occurred  with  a white  solid 
precipitating.  The  reaction  mixture  was  refluxed  for  1 hr,  cooled,  and 
filtered.  The  yield  was  lU.9  g (6U.3$),  mp  197  to  198°C.  Recrystallization 
from  methanol  did  not  raise  the  melting  point. 

Anal.  Calc’d  for  CgH^^N^O^:  %Z,  la.37j  %E,  6.95j  ^N,  2U.13 

Found:  %G,  Ul.78j  $H,  6.97;  ^N,  23.73 

(2)  N,N*-Diacetyl-3-nitraza-l,5-pentane  diamine  was 
dissolved  in  acetic  anhydride  and  added  to  100^  nitric  acid,  keeping  the 
temperature  below  10°C.  Vulien  the  acid  solution  was  poured  on  ice,  only 
water-soluble  products  were  obtained. 


U.  Attempted  Preparation  of  3, 6-Dinitraza-l, 8-octane 
i)initramine  ~ 


a.  Discussion 

3, 6-Dinitraza-l, 8-octane  diamine  dihydrochloride  was 
converted  to  the  free  diamine  and  acetylated  to  give  N, N' -diacetyl-3, 6- 
dinitraza-1, 8-octane  diandne  (XIII),  a white  crystalline  solid,  rap  178  to 
180OC. 
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r N0„ 

I 2 

chinch  CHgNHg'HCl 


2 


NaOCH, 
2^ 


- ra  1 

AC5O 

r 

CHjNCHjOHjNHj 

2__^ 

2 

ch^nch^ch-n;" 

^ ^ ^ ^ \c 

XIII 


Nitration  of  XIII  also  gave  water-soluble  products. 


b.  Experimental 

(1)  A I.UO69  N solution  of  sodium  methoxide  in 
methanol  (lU2.2  ml,  0.2  mole)  was  added”dropwise  ivith  stirring  at  0 to  5°C 
to  a suspension  of  30.9  g (O.l  mole)  of  3, 6-dirn.traza-l, 8-octane  diamine 
dihydrochloride  in  75  ml  of  nethanol.  The  mixture  was  stirred  for  30  min 
at  0 to  5°G,  and  the  precipitate  of  sodium  chloride  was  removed  by  filtra- 
tion and  washed  with  methanol.  The  solution  v;as  concentrated  in  vacuo  and 
diluted  with  12$  ml  of  methylene  dichlorids.  To  this  solution  was  added 
portionwise  30  ml  of  acetic  anliydride . A vigorous  reaction  occurred  with  a 
white  solid  separating.  The  reaction  raixtiire  was  refluxed  for  1 hr,  cooled, 
and  filtered.  The  yield  was  29.8  g (93.2/i),  mp  178  to  180°C.  Reci*ystal- 
lization  from  methanol  did  not  raise  the  melting  point. 

Anal.  Calc'd  for  ^iq^20^6^6’  37.'U9j  6.29;  ^N,  26. 2U 

Found;  %Q,  38.25;  %E,  6.75;  ^N,  25.80 

(2)  N,N '-Diacetyl-3, 6-dinitraza-l, 8-octane  diamine 
was  added  to  a mixture  of  acetic  anhydride  and  lOO^o  nitric  acid  at  5 to  10°C. 
When  the  acid  solution  was  poured  on  ice,  only  water-soluble  products  were 
obtained. 


« 


5 . Conversion  of  N,N-bis(2,2-Dinitropropyl)aminomethyl 

Isocyahatte  to  bis(2,2-Dinitropropyl)  Nitrosoamine 

a.  Discussion 

(1)  In  continuing  the  study  of  the  preparation 
of  primary  nitrandnes  it  was  of  interest  to  convert  N, N-bis ( 2 , 2-dinitro- 
propyl)  glycine  (XIV)*  to  N, N-bis ( 2 , 2-dinitropropy!^N ' -nitroinethylene 
diamine  (XIX): 


¥ 
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- y°2- 

CH^CCH. 
3|  2 

L NO 


NCH2CO2H 


XIV 


- NOg- 

CH3CCH2 

- NOgJ 


NCHgCOCl 


XV 


- f2- 

CH3CCH2 
L NO.- 


NCH2CON3 


XVI 


f2- 

CH3CCH2 
L NO2J 


HNO- 

NCH^NCO ^ 


XVII 


- f2- 

CH3CCH2 


NO, 


2-' 


NCH2NH2--HN03- 


XVIII 


“°21  H 


CH3CCH2 
- NOgJ 


NCH-N' 

2 NO„ 


XIX 


XIV  was  converted  to  the  corresponding  isocyanate  via  the  acid  chloride  (XV) 
and  azide  (XVI),  Vi/hen  N , N-bis ( 2 , 2-»dinitropropyl)aminoiiiethyl  isocyanate  (XVII) 
was  treated  with  35;^  nitric  acid  an  extremely  vigorous  reaction  occurred  after 
a short  time,  and  bis(2,2-dlnitropropyl)  nitrosoamine  (XX)  was  obtained  instead 
of  the  expected  N , ^-bis ( 2 , 2-dinitropropyl } methylene  diandne  nitrate  (XVIII), 


r “^1 

35^ 

r i°n 

0H3CCHJ 

L NOgJ 

NCH.NCO 

2 

HNOg^ 

CH.COH,, 

L 

XVII  XX 


These  results  are  in  accord  with  earlier  work  wherein  XX  was  prepared  by 
treating  XIV  with  a mixture  of  acetic  anhydride  and  100/S  nitric  acid,  thus 
indicating  the  instability  of  XIV  and  XVII  toward  nitric  acid. 

b.  Experimental 

(1)  Preparation  of  N,N-bis(2,2-Dinitropropvl)- 
glycyl  Chloride 

A mixture  of  78  g (0.23  mole)  of  N,N-bis(2,2- 
dxnitropropyl)  glycine  and  190  ml  of  thionyl  chloride  was  refluxed  overnight. 
The  solution  was  evaporated  to  dryness  in  vacuo,  leaving  a brown  solid.  Two 
recrystallizations  from  chloroform  gave  white  crystals:  the  sdeld  was  Ul  g 
(50^),  mp  61;  to  65°C, 

Anal.  Galc’d  for  CgH^gN^O^Cl;  %G,  26.86j  %E,  3.38j  ^N,  19. lU 

^Cl,  9.91 

Found:  %C,  27. U8;  3.68;  ^N,  19.27; 

^Cl,  9.70 
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(2)  Preparation  of  N, M~bis ( 2 , 2-Dinitropropyl) 
Nitrosoamine 

A solution  of  15»2  g (0.23  mole)  of  sodium  azide 
in  1^0  ml  of  water  was  placed  in  a 500-ml  three-necked  flask,  fitted  with 
a mechanical  stirrer,  thermometer,  and  dropping  funnel.  The  flask  was 
cooled  in  an  ice  bath,  and  a solution  of  31.0  g (0.087  mole)  of  N,N-bis 
(2,2-dinitropropyl)  glycyl  chloride  in  130  ml  of  acetone  was  added  drop- 
wise,  keeping  the  temperature  below  10°C.  The  reaction  mixture  was  extracted 
with  chloroform,  and  the  extracts  were  combined,  washed  with  water,  and 
dried  over  sodium  sulfate  at  10°C.  The  solution  was  heated  to  reflux  and 
the  azide  was  decomposed  while  the  chloroform  was  being  distilled  to 
remove  the  last  traces  of  water.  The  isocyanate  solution  was  cooled  to 
room  temperature,  and  100  ml  of  35^  nitric  acid  was  added.  The  reaction 
mixture  was  warmed  on  the  steam  bath,  and  after  about  30  min  an  extremely 
vigorous  reaction  occurred  with  evolution  of  gas.  It  was  necessary  to 
cool  the  reaction  mixture  in  an  ice  bath  until  the  reaction  subsided,  A 
white  solid  separated  from  the  reaction  mixtiire,  and  was  collected  and 
dried.  The  yield  was  l6.0  g mp  129  to  1300C.  A sample  re- 

crystallized  from  ethylene  dichloride  melted  at  132  to  133°C,  gave  a 
positive  Lieberman  test  for  a nitroso  group,  and  gave  no  depression  in 
melting  point  when  mixed  with  an  authentic  sample  of  bis (2,2-dinitro- 
propyl) nitrosamine, 

F.  PREPARATION  OF  ALIPHATIC  POLTNITRONITRAMCDES 

1.  Preparation  of  N,N*-bis(3,3-Dinitrobutyl)  Qxamide 
a.  Discussion 

The  preparation  of  N,N'-bi3(3,3,3-trinitropropyl) 
oxandde  from  3,3,3-trinitropropyl  amine  and  oxalyl  chloride  has  been 
previously  reported,*  This  reaction  has  now  been  extended  to  the  prepara- 
tion of  N,N»-bis(3,3-dinitrobutyl)  oxamide  (XXI)  by  the  condensation  of 
3,3-dinitrobutyl  amine  with  ethyl  oxalate. 


NO2 

33CCH2CH2NH2 

NO. 


rO 

II  ! 

COCgl^ 

— > 

2 

- NO.  H On 

I ^ I li 

CH3CCH2CH2N-C--  + PCgH^OH 

- NO2 

XXI 


XXI  is  a white  crystalline  solid,  mp  190  to  19x0, 
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b.  Experimental 

A 35.0-g  (0.17^  mole)  quantity  of  3, 3-dinit robutyl 
amine  hydrochloride,  200  ml  of  water,  and  17^  ml  of  chloroform  was  placed 
in  a one-liter  three-necked  flask,  fitted  with  a mechanical  stirrer,  thermom- 
eter, arxi  dropping  funnel.  At  room  temperature  a solution  of  7.1  g (0.175 
mole)  of  sodj.um  hydroxide  in  l50  ml  of  water  was  added  dropwise.  The  chloro- 
form layer  was  separated,  and  the  aqueous  solution  was  extracted  with  2 
50-ml  portions  of  chloroform.  The  chloroform  extracts  were  combined  and 
dried  over  sodium  sulfate  for  30  min.  The  solution  was  filtered  into  a 
one-liter  round-bottom  flask,  12.8  g (0.088  mo3,e)  of  ethyl  oxalate  was  added, 
and  the  reaction  mixture  was  refluxed  for  2 hr.  The  solution  was  concentrated 
in  vacuo,  leaving  a cream-colored  sc  lid.  Recrystallization  from  ethylene 
dichloride  gave  13.0  g (39^)  of  white  crystals,  mp  190  to  191®C.  A second 
recrystallization  did  not  raise  the  melting  point. 

Anal.  Calc'd  for  ^G,  31.58;  h.2h;  ^N,  22.10 

Found;  %C,  31.75;  ^H,  U.U3;  ^N,  22.65 

2.  Preparation  of  N,N*-Dinitro-N,N*-bis(3,3-dinitrobutyl 
Oxandde 

a.  Discussion 

The  nitration  of  N,N’-bis_(3,3-dinitrobutyl)  oxamide 
(XXI)  with  a mixture  of  100/2  nitric  acid  and  concentrated  sulfuric  acid  at 
55°C  gave  N , N * -dinit ro-N , N ' -hi 3 ( 3 , 3-dinitrobut yl)  oxamide  (XXII),  XXII  is 
a white  crystalline  solid,  existing  in  two  polymorphic  forms,  mp  lU2  to  1U3°C 
and  lU8  to  lU9®C,  with  a calculated  lead-block  value  of  118  and  a calculated 
ballistic-mortar  value  of  129. 


r-  NO. 


H 0 


CH^CCH2CH2N-C4- 


NO, 


2 

XXI 


HNO, 


V°u 


- NO/,  NO.,  .On 

1 2 I 2 // 

CH2CCH2CH2N C 4- 

- ^2 

XXII 


b . Expeririie  ntal 

A l5.0-g  (0.395  mole)  quantity  of  N,N»-bis(3,3-dinitro- 
butyl)  oxamide  was  added  to  a mixture  of  175  ml  of  100^  nitric  acid  and  l50  ml 
of  concentrated  sulfuric  acid.  The  reaction  mixture  was  heated  to  55°C  for 
30  min,  cooled,  and  poured  on  ice.  The  white  solid  was  collected,  washed  with 
water,  and  dried.  The  yield  was  17.6  g (9U.8^),  mp  136  to  137°C.  Recrystal- 
lization from  ethylene  dichloride  gave  a compound  melting  at  lU2  to  lU3°C  and 
1U8  to  1U9°C. 
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Anal.  Calc’d  for  %(j,  25»5U}  3,00j  ^N,  23.83 

Found;  %0,  25.8U;  3.26;  ^N,  2U.37 

G.  PREPARATION  OF  ALIPHATIC  POLYNITROESTERS 
1.  Discussion 


a.  An  improved  method  for  the  preparation  of  esters  of 
2,2,2-trinitroethanol  has  been  described  by  the  Naval  Ordnance  Laboratory.* 
This  method  involves  the  use  of  small  amounts  of  anhydrous  aluminum  chloride 
with  an  acid  chloride  and  2,2,2-trinitroethanol,  thus  permitting  the  reaction 
to  proceed  rapidly  under  mild  conditions  either  with  or  without  a solvent. 
Some  of  the  2,2,2-trinitroethanol  esters  are  of  considerable  interest  as 
new  high  explosives  because  of  their  high  oxygen  content  and  good  thermal 
stability.  In  addition,  certain  of  these  esters  have  polymerization 
properties  which  are  being  investigated  for  propellant  con?)ositions  and 
others  may  be  useful  as  explosive  waxes . For  these  reasons  it  was  of 
interest  to  convert  some  of  the  acid  chlorides  prepared  on  the  nitro- 
polyner  and  explosives  programs  to  the  corresponding  2,2,2-trinitroethyl 
esters.  Accordingly,  the  following  esters  were  prepared: 

( 1 ) 2,2, 2-Trinitroe  thyl ) -U*  U*dini  tro- 

heptanedioate  (XXIII),  mp  170  to  171°C; 


C—  CHgCHgCOCl  + 2H0CH2C(N02)3' 

N0„L 


i—  CH2CH2C02CH2C(N02)3 


mil 


( 2 ) bis(  2,2, 2-Trinitroethyl ) -l*-ni  traza- 

heptanedioate  (XXIV),  mp  110  to  111®C; 


N—  CH2CH2COCI  2 + 2H0CH2C(N02)3 


f2r 

N—  CH2CH2C02CH2C(N02)3 
XXIV 


( 3 ) bis  (2, 2, 2-Trinitroethyl  j -I4. 7-dinitraza- 

decanedioate  (XXV),  mp  126  to  T55°C: 

r f 2 1 r 1 

CHgNCHgCHgCOCl  + 2H0CH2C(N02)3 > CH2NCH2CH2C02CH2C<  1102)3 

_ ^2  _ _ 2 

XXV 
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( I4)  2,2, 2-Trinitroethyl-3, 5, 5-trinitro-3-aza- 

hexanoate  (XXVI),  mp  121  to  121. 5°C: 


N0_  N0_ 

< 2 I 2 

CH^CCHgNCHgCOCl  + HOCH^CCNOg)^ 

NOg 


N0»  N0_ 

I 2 I 2 

CH^CCHgNCHgCOgCHgCCNOg)^ 

NOg 


XXVI 


b.  U»U,6,8,8-Pentanitro-6-aza-undecanedioyl  chloride 
failed  to  react  vd.th  2,2,2-trinitroethanol.  N-Nitro-N-trinitroethyl  aspartyl 
chloride  and  N-nitro-N-trinitroethyl  glutamyl  chloride  gave  oils  vdien  treated 
with  2,2,2-trinitroethanol,  indicating  that  decomposition  had  occurred, 

2.  Experimental 

The  general  procedure  used  is  illustrated  in  the  following 
example.  A solution  of  3.62  g (0.02  mole)  of  2,2,2-trinitroethanol  in  ^0  ml 
of  dry  ethylene  dichloride  was  placed  in  a 100-ml  round-bottom  flask,  fitted 
with  a condenser  and  drying  tube.  Anhydrous  aluminum  chloride,  0.27  g 
(0.002  mole),  was  added,  and  the  solution  turned  yellow.  To  the  solution 
was  added  3.31  g (O.Ol  mole)  of  U»7-dinitraza-decanedioyl  chloride.  The 
reaction  mixture  was  refluxed  until  evolution  of  hydrogen  chloride  gas  had 
ceased.  The  black  mixture  was  cooled  and  filtered,  and  the  solid  was  washed 
with  cold  dilute  hydrochloric  acid,  and  water,  then  dried  and  recrystallized 
from  ethylene  dichloride,  using  charcoal,  to  give  5*3  g (85.5/^)  of  white 
crystals,  mp  126  to  128°C.  All  the  results  are  summarized  in  Table  III, 

H,  PREPARATION  OF  l-NITRATO-3,5,5-TRINITRO-3-AZA-HEXAPE 
1.  Discussion 


The  preparation  of  3,5,5-trinitro-3-aza-l-hexanol  (XXVII) 
has  been  previously  reported,***" 


N0_ 

I 2 
jCCH, 

NO^ 


f 2 f 2 

I2CCH2NCH2C02I 

N0„ 


NO,  H 
I ^ 1 

NO,  NO, 

1 2 1 2 

— > CH3CCH2NCH2CO2CH 

2 > CH3CCH2NCH2CO2CH3 

N0_ 

NOg 

2 

NO,  NO, 
( 2 1 2 

NO,  NO, 

1 2 1 2 

CH3CCH2NCH2COCI — 

CH^CCH2NCH2CH20H 

NO2 

NO2 

XXVII 


* 


-JHf- 
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In  continuation  of  the  work  on  the  preparation  of  aliphatic  polynitronitrates, 
XXVII  was  treated  with  lOOjS  nitric  acid  to  give  l-nitrato-3,5,$-trinitro-3-aza- 
hexane  (XXVIII ). 


NO.  NO, 

( 2 I 2 

CH3CCH2NCH2CH2OH 


XXVII 


NO  NO 

I 2 1 2 

CH^CCHgNCHgCHgONOg 

NOg 

XXVIII 


XXVIII  is  a white  crystalline  solid,  mp  117  to  118°C,  with  a calculated 
lead-block  value  of  lU2  and  a calculated  ballistic-mortar  value  of  IU6, 
Compound  XXVIII  was  prepared  independently  on  the  nitropolymer  program** 
in  the  following  manner: 


NO2 

CH^CCHgOH  + HgNCHgCHgOH 
NOg 


NO,  H 

I 2 I 

CH3CCH  NCHjCH  OH 


NOg  NOg 

CH,CCH.NCH^CH.0N0. 
d)  2 2 2 2 

NOg 

XXVIII 


2.  Experimental 

Thirty  ml  of  100^  nitric  acid  was  cooled  to  5°C  and  3.0  g 
(0.012  mole)  of  3,5,5-trinitro-3-aaa-l-hexanol"^  was  added.  The  solution 
was  stirred  for  l5  min  at  5°C  and  poured  on  ice.  The  white  solid  was 
collected,  washed  vrith  water,  and  driedj  the  yield  was  3.3  g {92.1%), 

7^  to  98°C.  Two  recrystallizations  from  methanol  raised  the  melting 
point  to  117  to  118°C, 

Anal.  Calc'd  for  G^H^N^O^:  %Q,  21.21j  $H,  3.20j  ^N,  2U.7h 

Found:  %Q,  21.7Uj  3.91}  ^N,  29.31 

There  was  no  depression  in  melting  point  when  this  sample  was  mixed  with 
the  116  to  ll7®C-mp  compound  obtained  from  the  nitration  of  the  condensa- 
tion product  of  2,2-dinitropropanol  and  ethanolamine . 


^ Aerojet  Report  No.  737,  p.  10, 
.Aerojet  Report  No.  772,  in  press* 
' Aerojet  Report  No.  712,  p.  U3. 
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I.  PREPARATION  OF  2 , U. U-TRINITR0-2-AZA-AMYL  ISOCYANATE  ■ ■ 

1.  Discussion 

2,U,U-Trinitro-2-aza-amyl  isocyanate  (XXX)  has  been  prepared 
in  situ  from  3,5f5-trinitro-3-aza-hexanoyl  chloride  (XXIX)  and  used  directly 
for  the  synthesis  of  high  explosives;* 

f2f2  T2T2  , f2^2 

CK^CCH^NCHgCOCl  + NaN^ > CH^CCHgNSHgCON^ CH^CCHgNCH^NCO 

NO2'  . NOg  NOg 

XXIX  XXX 

XXX  has  now  been  isolated,  purified,  and  identified.  The  compound, 
wp  102  to  103°C,  explodes  violently  on  standing  at  room  tenperatinre . 

It  can  be  stored  safely  at  -20°C,  but  for  synthetic  purposes  the  isocyanate 
is  best  used  in  solution  without  being  isolated, 

2.  Experimental 

A solution  of  35*1  g (0,5U  mole)  of  sodium  azide  in  2^0  ml 
of  water  was  placed  in  a one-liter  three-necked  flask,  fitted  with  a thermom- 
eter, mechanical  stirrer,  and  dropping  funnel.  The  solution  was  cooled  to 
with  an  ice  bath,  and  a solution  of  73  g (0,27  mole)  of  3,5,5-trinitro- 
3-aza-hexanoyl  chloride  in  200  ml  of  acetone  was  added  dropwise,  keeping 
the  temperature  below  10°C,  The  reaction  mixture  was  stirred  for  30  min 
and  extracted  with  three  l50-ral  portions  of  chloroform.  The  extracts 
were  combined,  washed  with  two  100-ral  portions  of  water,  two  100-ml 
portions  of  10^  sodium  bisulfate,  and  two  100-ml  portions  of  water.  The 
chloroform  solution  was  dried  for  30  min  over  sodium  sulfate  and  placed 
in  a one-liter  round-bottom  flask  arranged  for  distillation.  About  100  ml 
of  chloroform  was  stripped  off  with  the  water  aspirator  to  remove  the 
last  traces  of  water.  The  temperature  was  raised  to  60  to  65°C  with  the 
steam  bath,  and  the  azide  was  decomposed  at  atmospheric  pressure.  Dry 
chloroform  was  added  periodically  to  keep  the  volume  constant.  After 
the  nitrogen  evolution  had  ceased  the  solution  was  cooled  to  -lOoC, 
causing  a white  solid  to  separate.  The  product  was  collected  and  dried. 

The  yield  of  2,l|,U-trinitro-2-aza-amyl  isocyanate  was  U8.1  g (72S6), 
n^)  97  to  100°C,  Recrystallization  from  ethylene  dichloride  raised  the 
melting  point  to  102  to  103°C,  The  compound  explodes  violently  on 
standing  at  room  temperature  but  can  be  safely  stored  at  -20°C,  For 
synthetic  purposes  it  is  best  used  in  solution  without  being  isolated. 

Anal.  Calc'd  for  C^HyN^O^;  %C,  2U.10;  %E,  2.83j  28.11 

Found:  %G,  2U.3lj  3.11j  ^N,  28.05 


Aerojet  Report  No,  711,  p.  11. 
Page  22 


CONFIDENTIAL 


CONFIDENTIAL 


II  Technical  Progress  (cont.)  . Report  No.  770 

J.  PREPARATION  OF  SAliPLES  FOR  EVALUATION  BY  TH12  NAVAL  ORDNANCE 
UBORATORY 

1.  The  following  samoles  were  prepared  and  subnrLtte’d  to  the 
Naval  Ordnance  Laboratory  for  evaluation: 

a . 2 , 2 , 5 , 9 » 9 » 13» 16 , l6-Octani tro-5 , l3-diaza-6 , 12-dike  to- 
7 . 11-dioxa-heptadecane 

b . 1,1, 1,5,8, 11, lU, 18,18, l8-Decanitro-3, l6-dioxa- 
U, l5-diketo-5, 8, 11, lU-tetraza-octadecane 

c.  1, 1, l,5“Tetranitro-3-oxa-h-keto-5-aza-hexane 

d . 1,1, 1, 5-Tetranitro-3-oxa-h.-ke  to-5-aza-heptane 

e.  3,5,5-Trinitro-3-aza-hexyl  Nitrate 

f . 1, 1, 1, 3, 6, 9, 12 , 1U,1U» lU-Decanitro-3, 6,9, 12-tetraza- 

tetradecane 

g . 1, 1, 1, 3 , 6, 9 , 11, 11, 11-No nanitro-3 , 6 , 9-triazaundecane 

h.  N , N ' -Dini tro-N , N * -bis ( 3 , 3-dini trobutyl ) Qxamide 

i . bis ( 2,2, 2-Trinitroethyl) -U, U-dinitroheptanedioate 

j . bis(2, 2, 2-TrinitroethylJ-U-nitrazaheptanedioate 

k.  bis(2,2, 2-Trinitroethyl) -U, 7-dinitraza-decanedioate 

l.  2, 2, 2-Trinitroethyl-3,5»5-trinitro-3-azahexanoate 

2.  The  results  of  the  preliminary  tests  by  the  Naval  Ordnance 
Laboratory  on  the  compounds  submitted  are  summarized  in  Table  IV,  The 
noteworthy  feature  is  the  excellent  thermal  stability  exhibited  by  compounds 
A53-15  and  A53-31,  both  of  which  are  aliphatic  polynitronitrates, 

3.  SPIA  data  sheets,  which  are  presented  in  the  appendix,  have 
been  completed  on  the  following  compounds: 

a,  3,3-Dinitrobutyl  Aminonium  Nitrate 

b.  3,3-Dinitro-l,5-pentane  Diaramonium  Dinitrate 

c,  3-Nitraza-l,5-Pentane  Diammonium  Dinitrate 

d,  3, 6-Dinitraza-l, 8-octane  Diammonium  Dinitrate 

e.  3,3,5, 7, 7-Pentanitro-5-aza-l, 9-nonane  Diammonium 

Dinitrate  ' 

f . 1 , 7"Dinitrato-U, U-dinitroheptane 
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g . l-Nitrato-3 , 5 -trinitro-3-aza-hexane 

h.  2,2,6,  S,9-Pentanitro-lL-oxa-5“keto-6-aza-decane 

i.  2,2,6,9»9»  9-Hexanitro-U-oxa“5-ke to-6-aza-nonane 

j . 1, 1, 1, U. 8»  8, 12, , l5, l5-Decanitro-U, 12-diaza- 
ll-diketo-6, 10-dioxa-pentadecane 

k . 1, 1 , 1 , 5 , 8, 11, l5 , 15 , l5-Nonani tro-3 , l3-dioxa-U, 12- 
diketo-5>  8, 11-triaza-pentadecane 

l.  1,1, 1,5, 8,8,10,12,12,15,19,19,19-Tridecanitro- 
3,17-dioxa-U, l6-diketo-5, 10, l5-triaza-nonadecane 

m.  2,2,5,9,9,13,16, l6-Octanitro-5 » l3-diaza-6 , 12- 
diketo-7 , 11-dioxa-heptadecane 


n.  1,1, 1,5,8, 11, 111,  18,  l8, 18-De  cani  tro-3 , l6-dioxa- . 

Li,  l5-diketo-5 , 8, 11,  lU-tetraza-octadecane 

0 . 1 , 1 , 1 , 5 -Te  tra  nit  ro-3-oxa-Li-ke  t o -5-a  z a-heptane 

p.  N, N » -Dinitro-N , N * -bis (3, 3-dinitrobutyl)  Oxamide 

K.  HEATS  OF  FORuiATIOK  AND  OXYGEN  CON'TSNTS  OF  EXPLOSIVE  COMPOUNDS 

> 

1.  It  has  been  the  practice  on  this  program  to’ assess  the 
explosive  power  of  new  compounds  in  terms  of  the  ballistic-mortar  and'  lead- 
block  values.  However,  there  are  other  functions  which  may  also  be  useful 
for  this  purpose,  and  are  favored  by  other  investigators.  Two  of  these  are: 

a.  The  heat  of  formation  at  25°C  and  1 atm,  following 
the  usual  thermochemical  conventions.  (With  negligible  error,  this  .is  ' 
the  heat  of  formation  at  bomb  temperature  and  pressure.) 

b.  The  oxygen  content,  expressed  as  gram  atoms  of 
oxygen  per  milliliter  of  compound. 

2.  A compilation  of  these  values  for  compounds  for  which  SPIA 
data  sheets  were  prepared  on  this  program  is  given  in  Table  V.  Conpounds 
are  listed  in  order  of  decreasing  heats  of  formation.  Heats  of  formation 
were  calculated  from  experimental  heats  of  combustion,  and  oxygen  contents 
from  experimental  densities  in  all  cases.  These  values  may  be  compared 
with  the  following  for  standard  explosives: 

Heat  of  Formation,  Oxygen  Content, 

kcal/mole gram-atoms  /mole 


RDX 

+20 

0.0U91 

Nitroglycerine 

-85 

0.0630 

TNT 

-15 

0.0lt37 
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TABIZ  Y 


SUIOMI  OF  BEATS  OF  FCRVATIOB  AMD 
OXYGEN  CONTENTS  OF  EXPLCSIVE  CONFOUNDS 


Heport  No.  770 


Heat  of 

Fornatlorii 

kcnl/mole 

Oxygen 
Contenit  i 
atoms /d1 

CHj-  ^ NOj  CH20(N02)^  ^ 

-18 

0.061*7 

(NOjJjCOHjCHjN  NOj  CH20(NO2)j0H3 

-19 

O.OS3li 

f>2  f"2 

(N02)3COH20H2N  ^NCH2CH20(N02)3 

^CH2 

-20 

0.0508 

(UO2J3CCH2OH2N  NO2  0H2C(N02)3 

-28 

0.0637 

(N02)20  ^(N02)2 

^N-CH2C(N02)3 

-31 

0,0591 

<N02)20'"  "'0(H02;2 
CH2  ^CH2 
\n-  NOj 

-33 

0.0590 

(NOjJjCCHjCHj  KOj 

-36 

0.061b 

CHjOCNOjIjOHjOHjN  NOj  CHjCCNOjJj 

-liO 

0.0563 

(NOjJjOOHjCH  HOj  OHjOOKIjJj 

-b2 

0.0630 

/CH, 

(N02;3C0H2OHjN  ^NCHjCBjClNOj), 

OHj  CHj 

-hb 

0,Cb83 

'^1(^2CH20(NOjJ3 

CdlOj^j-  CHjN  NOj  CHjCBjC(NOj)^  ^ 

-50 

0.C595 

CdlOjJj-  ^HjOHjNH  NOj 

-5U 

O.Ob'^b 

(NOjJjO  ?(NOjJj 

-60 

O.C5liO 

OH,  ^OHj 

HCHjCHjOCNOjJj 


OCNOjJj— 

|^HjCHjNNOjOHjCd.Oj;^^ 

-60 

O.C605 

odiOjjj— 

^HjH  NOj  CHjCHjO(NOj)jC«^^ 

-62 

0.Cb91 

H{NOjJ— 1 

3HjC(NOj)jOH^^ 

-65 

0.G530 

CH30(N0j) 

jCHjN  NOj  CHjCHjONOj 

-73 

0,0550 

H NOj  — 1 

CHjCCNOjJjCHjCHj 

L 

-85 

O.Ch82 

fP/°2 

(nOj;3COHjCHjNohcHjOHjO(nOj)3 

-86 

0.057? 

Heat  of 

Formatloni 

kcal/mole 

Oxygen 

Content,  gram- 
atoms  /ml 

(NOj)3COHjCHjN-il  1 

-90 

0.0610 

(BOjJ300HjCHjBMj-HH03 

-95 

0.0621 

C— jraCHjCHjC(NOjJ^^ 

-98 

0.05b0 

C(NOj)j-jcHjCBjN  NOj  OHjO(NOjJjCH^  ^ 

-10b 

0.0500 

CHjCHjN  NOj  OOjCHjC(NOjJ3 

-106 

0,0570 

(N0j)3CCHjCHjN  NOj  COjCHjOCNOjJjOHj 

-11b 

“ 

CHjCCNOjIjCNjN  NOj  CHjN  NOj  COjCHjCCNOjJj 

-U8 

0,0603 

CH3C(N0jJjCHjCHjNHj.HN03 

-121 

O.Ob99 

C(NOjjj-  rcHjCHjCHjONOj  j 
L S 

1 

-127 

- 

N HOj  -|cHjC(NOj)jCHjClljN  KOj  COjCHjCCNOj^jl 

-130 

O.C595 

OHjCCNOjIjCBjCHjII  NOj  COjCHjCdiOjJ, 

-132 

O.C585 

JNOj  1 

-I3b 

0.0701 

ICHjONCj.jJ  ^ 

-lb5 

0.0536 

(NOjijCCHjCHjBH-Cl 

r O' 

UjCCNOj^jCHjCHjN  NOjO  ^ 

-ili5 

CHiOlNOjjjCHjCHjH  NOj  COjCBjCdlOjJjCHj 

-lb? 

o.c5ob 

N NOj  —pjCHjN  NOj  OOjCHjOCBOj;^  ^ 

-159 

O.C596 

jcHjH  NOj  CHjOHjNHj-NiKijj^ 

-159 

0.0b60 

CdlOjJj-jcHjOjOB  NOj  CHjCHjCdiOjJ^  ^ 

-167 

0.0600 

ciij-ji;  KOj  -cOjOHjOdrojjjj^ 

-168 

0.0688 

N HOj  — CHjCHjNHj'HHOj, 

L -i  ^ 

-3.70 

0.0b59 

Cdl0j,j-  £hj0HjNKj-HN03'] 

-168 

O.0516 

.OHjII  NOj  CHjOHjU  NOj  COjCHjOdlOjJ^  ^ 

-190 

0.0578 

(MjJjOOHjCHjN  NOj  COjOHjOdlOjJj 

-192 

O.C6b9 

N KOj  _joHjO(HOjJjOHjCHjUHj-HNO^  ^ 

-209 

— 

C(UOjJj-  ^HjOlljH  NOj  C0jCHj0(N0jJ^^ 

-215 

0.0606 

(NOj)jC— [oHjOjON  NOj  CBj0Hj0(N0jJjCH3j  ^ 

-2bb 

0.052b 
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III.  DESENSITIZATION  OF  RDX 


The  possibility  of  desensitizing  RDX  by  coating  mth  surface-active 
compounds  containing  nitro  groups  has  been  previously  discussed."*^  Following 
this  idea,  3,3,3-trinitro  propyl  isocyanate  and  glycerol  mono-olsate  were 
reacted  in  varying  ratios  with  the  obiective  of  substituting  the  glycerol 
hydroxyl  groups  to  various  extents.  Three  products  were  obtained,  corres- 
ponding to  ratios  of  carbamate  to  glycerol  mono-oleate  of  1-l/U  to  1, 

I-I/2  to  1,  and  2 to  1.  Each  of  these  was  a waxy  solid,  melting  slightly 
above  room  temperature. 

Each  of  the  three  products  was  applied  in  10:’4  ratio  to  RDX  by  the 
method  for  preparing  Composition  The  desensitized  soecimens  obtained 

were  tested  with  the  Bureau  of  Mines  impact  tester,  with  the  follovfing 
results: 


Impact  Stability,  cm/2  kg 
On  bare  anvil  On  5/0  “sandpaper 


l-l/U  to  1 Ratio  product 

100 

20-25 

1-1/2  to  1 Ratio  product 

100 

20-25 

2 to  1 Ratio  product 

100 

20-25 

Composition  A-3 

100 

U5-50 

RDX 

UO 

10-15 

t 


This  degree  of  desensitization  compares  well  with  that  obtained 
using  nitropolymers , but  its  inferiority  to  the  value  for  Coirposition  A 
is  disappointing. 

In  another  desensitization  experiment,  10'^  2,2-dinitro  propanediol 
was  applied  to  liDX  by  the  same  procedure,  using  no  surface -active  agent. 
The  impact  stability  of  the  product  was  30  to  35  cm/2kg  on  the  bare  anvil. 

These  lines  of  investigation  were  discontinued  because  of  the 
termination  of  work  with  RDX  under  the  present  contract. 


Aerojet  Report  No.  737,  p.  23. 


-M-x- 


Aerojet  Report  No.  682,  p.  21. 
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SPIA/M3 


rate  Queat] onnelre  on 

COMPOUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 


'whlcli 
that 
stability 


listed  below  are  the  characteristics  idiich  are  beliewed  to  be  of  importance  in  the  study  of  a compound 

It  is  nob  expected 


pssibly  be  used  as  a constituent  of  solid  propellants  or  other  exploslres. 

"■  : poor 

omatios 
SOLID 

As  additional  infor« 
data.  She  inforsAtioa 

„ ^ la  loose-leaf  manual  form.  These  forms 

may  also  be  used  as  worlc  or  data  sheets  for  your  experimental  studies.  Extra  oooies  are  available  upon 
request  from  SPIA.  Suggestions  for  ia^rovement  of  these  forms  are  invited.  If  Insufficient  ^aoe  has  been 
provided  for  any  item,  attach  separata  sheets. 


as  is  available  for  a compound  vdiich  you  have  prepared  or  tested  on  one  of  these  form 
PHOPELLANT  ISPOHMATIOH  AGENCY,  APl/jHlJ,  8621  Georgia  Avenue,  Silver  Soring,  Maryland, 
mation  on  the  sane  or  new  compounds  accrues,  forward  it  on  a similar  form  at  a later 


COMPOUND;  3 , 3-Dirdtrobutyl  1-ammonium 

Name  nitrate 

E mplr leal  formula  0^ 


Structure:  (conflguretZ  on  J 

NO- 
I 2 

CH^CCH2CH2NH2*HN0^ 

NO2 

Preparation  reactlon(s): 


NO. 


Information  submitted  by: 

Activity  Aero-iet-General  Corporation 
Person  M.B.  FrankaT  and  L.T.  Carle ton 
D^te  1 Nnvamhar  1 Q,^  3 


CH^CCH2CH2NC0  + HNO^  + H2O- 
NO^ 


NO2 

-CH3CCH2CH2NH2'HN03  + CO2 
NO^ 


1.  Quantitative  analysls:()t  by  weight) 

Carbon 

Calculated  from  formula  21. 2U 
By  determination  ,3Q 


Hydrogen 

U.U6 

■■ 


Oxygen 


Nitrogen 

2U.78 
.2^., 19. 


2.  Burning  properties; (compered  to  nltrocelluloee,  under  nitrogen  et  atmoepherlc  preesurej) 

(faster?  slow?  residue?  etc.) 

3.  Stability  and  Sensitivity;  piot  any  grapha  on 

separate  sheet 


Name  of  test 

a.  Impact  Sensitivity 

b.  Thermal  Stability 

c.  Vacuum  Stability 

d.  Temperature  of  Explosion 

e.  Temperature  of  Ignition 

f.  

g.  

h. 


Recommended  method 

Noi;”X30H 


NOL 

NOL 


OSRD  3401  p.8 

OSRD  3401  p.6 

(JBBimiiKpc 


niacuaa  methods  used  when  they  vary 
frcmi  referencea.  Give  temperature  used. 
(Nae  separate  sheet  if  necesaary.) 

2.3-kg  weight 


"U8  hr  at  lOO^^TT 


a. 

h. 

c. 

d. 

e. 

f. 
g- 
h. 


Reference  compound  

(daslgnatlon-TIff,  Tatryl,  N.C.,  eto.) 

Tetryl,  32  cm/2.‘?  kg 


RESULTS  OF  ABOVE  TESTS 


New  Compound  test  results 

^2  cm/2.^  kg 

0.2  cc/g 


-28890. 


4.  Heat  of  formation:  (aH)  + -121 Kg.  calories  at  261C..  1 atm.  pressure 

nixllcaia  sign) 
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By  Experiment  By  Calculation 

5.  Energy  of  explosion  (Q)  cal/gm 

(at  SSof.  H2O  liquid)  ^ 

6.  Heat  of  combustion  (H^)  2629  cal/gm  272^ 

(at  25®f!.  H2O  liquid) 

7.  Specific  impulse  (Isp)  calc:  Ib-sec/lb 


Method 

D««eriptioD  or  roforonoo.  S«par*i# 
sho«%  if  noootMTy. 


Aero.iet  Report  No.  Ul7A 


8.  Physical  form  of  compound (viacoua  llnuid,  crystalline  type,  etc.)  flat,  white  crystals 


9.  Simple  microscope  analysis  data:  

(crystal  studies) 

10.  DensityiHacro  method)  1.62  gm/rm3.  (Micro  or  other  method)  

(NOL)  (Exolaln  on  separate  sheet  any  unique  methods  you  use.) 

11.  Index  of  refraction:  ) 12.  Color  White  13.  Odor  


gm/cm3. 

None 


14.  pH  at  25 1.  )|.1  (Method  reference  OSM)  3401  o.4,  or  OSRD  5968.  Indicate  toethod  used,  i.e. 

solvent  and  concentrations  used,  pH  Indicator  oaoer  or  Beckman  pH  meter.)  With  Beckman  meter, 

0.017  M in  acetone /water  volume  ratio) 


0 


EMPERATURE 

im 

i- 

TIME 


22.  Solubility  of  new  compound: 

12 


< 0.1 


g/lOO  ml  H2O  at  25“C. 


g/100  ml  agsiLQne 

(name  material  used  as  solvent) 

t2.lue.ns r 

(name  material  used  as  solvent) 


g/100  ml  H2O  at 

at 

at 


J1 


21. 


X. 

°c. 


SAMPU 

)>l-01nitret>itrl  1 Ifiittua 
nltraU 

Saspinied  in  Plaorolstis 


WOM  ■ 1?  idn 


CMS. 

CMS. 


C.C.I  yj  ccj  yj 


lAIRD  ASSOCIATES.  INC. 
CAMMI06E.  MASS,  U.SA. 
io».» 


1 NO. 

INDEX 

buiptided  In  attiu  almral  ell 


1 MOM 

TlM  • 

> 12  Bin 



CMS.| 

MG. 

MG. 

jms 

m 

■ 

IBH 

■ 

HEI 

m 

IQ] 

BAIRD  ASSOCIATES,  INC. 
CAMIKIDGE,  MASS.,  U.S.A. 
IWt.f 
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Under  compatablllty  we  are  considering  the  ability  of  two  compounds  to  be  in  intimate  contact  (Note 
OSRD  5758  p.  21-22;  over  a long  period  of  time  without  adverse  effects  on  either  the  chemical  or  physical 
nropertlea  of  either  material.  These  tests  will  probably  be  of  varied  ertent.  They  might  be  aooie  of 
the  followings  (a)  Standard  stability  tests,  (b)  Slnnle  observations  of  exudation  or  separation  at 
ambient  or  accelerated  temperatsu^.  (c)  Prepare  thin  sheets  (.025*  thick,  1"  square)  of  the  plasticized 
material.  Separate  the  sheets  with  strloa  of  cigarette  paper  or  carbon  paper  and  ocmpreas  the  stack  in 
a *0*  clamp.  After  several  days  note  the  oily  collection  on  the  oeper.  Please  give  reference  to  or 
describe  nrocedure  used.  Item  28  is  to  Indicate  results  when  the  compound  is  in  contact  with  acme  materi- 
al other  than  ethyl  cellulose,  nitrocellulose  or  rubber. 


25.  Compatability  with  ethyl  cellulose; 


26.  Compatability  with  nitrocellulose; 


27.  Compatability  with  rubber; 


28.  Compatability  with 


29.  Polymerizing  properties  of  the  new  compound: 

(a)  By  itself  

(b)  In  mixtures  (’•ith  additives)  I^IIZIIZZIIIZIZZZIIZIIZZZIZIZIZIIZZZIZIZZZZZIIZIZIZZIZZ 

(c)  Inhibiting  action  on  polymerization  of; 

Thiokol  

Methacrylate  

Other  compounds  

30.  Availability 

a.  Amount  now  available ? research  quantities 

b.  When  was  available  material  first  prepared?  

c.  Amount  prepared  at  that  time?  

d.  Is  large  production  feasible?  

e.  Plant  capacity  in  existance,  lbs /day? 

f.  Outline  steps  for  a quantity  production  method  

~ ' -= 


31.  Additional  information;  (toxicity,  hasaitds,  deterloretion,  oxygen  balance,  detonation  rate,  explosive 

pcmer,  ease  of  hydrolysis  by  water,  etc.  List  references,  reports,  data  books,  etc.  that  refer  to  the 
compound.)  
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Data  Queatlonnalre  on 

COMPOUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 


Listed  below  are  tlie  characteristics  idiich  are  belioTed  to  be  of  importance  in  the  study  of  a compound 
i^ch  oey  possibly  be  used  as  a constituent  of  solid  propellants  or  other  explosires.  It  is  not  expected 
that  all  this  information  will  be  arailable  for  OTery  compound.  Tor  example,  with  a compound  showias  poor 
stability,  it  is  probably  not  advisable  to  investigate  that  compound  farther.  After  placing  such  information 
as  is  available  for  a compound  which  you  have  prepared  or  tested  on  one  of  these  forms,  send  it  to  SOLIS 
PHOPELLAira  IHFOHMAIION  ACENCY,  API/ JOT,  8621  Georgia  Avenue,  Silver  Soring,  Maryland.  As  additional  infor- 
mation on  the  same  or  imw  compouixds  accrues,  forward  it  on  a similar  form  at  a later  date.  The  information 
submitted  on  these  forms  will  be  rewritten  and  published  by  3PIA  in  loose-leaf  manual  form.  These  forms 
may  also  be  used  as  worlc  or  data  sheets  for  your  experimental  studies.  Zxtra  oooies  are  available  upon 
request  from  SFIA.  Suggestions  for  inq>rovement  of  these  forms  are  invited.  If  Insuffieient  spaoe  has  been 
provided  for  any  item,  attach  separate  sheets. 


COMPOUND:  3,3-Dinitro  1,5-pentane 

Name  flmmnninTTi  ni  

E mplrical  formula  I|NaOi  D 


Structure:  (configuration) 


^2 

c— 

I 

NO. 


iCH2CH2NH2< 


HNO- 


Preparatlon  reaction(s): 


NO. 
I 2 
C— 
I 

NO 


Information  submitted  by: 

Activity  Aerojet-General  Corporation 


Person  M.B.Frankel  ^ 
Date  1 November  IS 


d L.T.Carleton 


1 2 

r n 

CH2GH2NCO 

+ 2HN0,  + 2H.0— C— 

2 ^ ^ J 

GH2CH2NH2‘HN03 

+ 200. 


1.  Quantitative  analysis:()(  by  weight) 

Carbon 

Calculated  from  formula  18.87 
By  determination  i q.q7 


Hydrogen  Oxygen  Nitrogen 

h.hf 26  .U1 

— Ii.7Q 26.22. 


2.  Burning  properties: (compared  to  nitrocellulose,  under  nitrogen  at  atmospheric  preaaurai) 


3. 


(faster?  slower?  residua?  etc.) 
Stability  and  Sensitivity:  not  any  graphs  on 

separata  aheet 


Name  of  test 

a.  Impact  Sensitivity 

b.  Thermal  Stability 

c.  Vacuum  Stability 

d.  Temperature  of  Explosion 

e.  Temperature  of  Ignition 

f-  

g.  

h. 


Recommended  method 


nOi 


OSRD  3401  p.8 
NOiafiEeCB)310Dfi[HK 
OSRD  3401  p.6 
N01fiSE(B)g«0)LPK: 


Plaeuss  methods  used  when  they  vary 
frcm  references.  Give  temperature  uaed. 
(Dae  separate  sheet  if  necessary.) 

2.$-kg  weight 

li8  hr  at  lOO^C 


a. 

b. 


c. 

d. 


e. 

f. 


RESULTS  OF  ABOVE  TESTS 

Reference  compound  ^ New  Compound  test  results 

(daslgnatlon-TKT,  Tetryl,  N.C.,  etc.) 

Tetryl,  32  cm/2i^  kg 60  cm/2.'^  kg 

- — — 2.0  cc/g 

— - — - ZI  280^0 


g- 

h. 


4.  Heat  of  formation:  (aH)  + -I88 Kg.  calories  at  25t.,  1 atm.  pressure 

• TTndleate  sign) 
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By  Experiment 


5.  Energy  of  explosion  (Q) 

iat  250c.  H2O  liquid)  

6.  Heat  of  combustion  (Hr)  2 390 

(at  2500.  H2O  liquid 

7.  Specific  impulse  (Igp)  calc:  


By  Calculation 


cal/gm 

cal/gm  2)i93 


Method 

D«terlptlon  or  roforonoo. 

•h««%  if  nooostATy. 

Aerojet  Report  No.  Iil7A 


Ib-sec/lb 


8,  Physical  form  of  compound (viacoua  llnuid,  crystalline  type,  etc.)  white,  crystalline  solid 


9.  Simple  microscope  analysis  data: 

(crystal  studies) 

10.  Density! Macro  method)  i«6l4.  (Micro  or  other  method)  gm/cm3. 

(NOL)  (Exolain  on  separate  sheet  any  unique  methods  you  use.) 

11.  Index  of  refraction:  ) 


12.  Color  white 


13.  Odor  none 


14.  pK  at  25°C.  3.6  (Method  reference  OSRD  3401  o.4,  or  OSRD  5%8.  Indicate  method  used,  i.e. 

solvent  end  concentrations  used.  pH  indicator  oeoer  or  Beckman  pH  meter.)  With  Beckman  meter. 


0.02U  M in  acetone /water  (^/l  volume  fraction) 


2 


■ 

■ 

i 

i 

i 

i 

■ 

a 

■ 

E 

E 

E 

E 

■ 
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■ 
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■ 

E 
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■ 

a 

H 

■ 

■ 

■ 

■ 

S 

■ 

a 

IJ 

■ 

■ 

i 

■ 

E 

E 

a 
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■ 

■ 
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■ 

■ 

E 

I 

P' 

i 

E 

i 

■ 

■ 

a 

a 

ii 

n 

E 

E 

i 

■ 

a 

a 
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■ 

H 

■ 

i 

E 

■ 
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■ 
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■ 
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a 

a 

a 

■ 
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■ 

■ 

■ 

E 

■ 

E 

■ 

a 

E 

E 

irii 

Ultraviolet  Absorption  Spectrum  of  3*3-Oinitro  l*5“pontano 
Diammoni'jin  IHnitrate  in  Methanol 


20.  Melting  point  lgl-l$3  t. 
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21. 


Freezing  point  vs.  Time  Curve: 


(Please  mark  the  coordinates  with  scale  values  that  apply  to  the  conpouad 
under  study.) 


d 

0 

UJ 

cc 

»- 

< 

cn 

■ 

■ 

r~ 

■ 

■ 

a. 

1- 

■ 

■ 

TIME 


22.  Solubility  of  new  compound: 


260 

k/100  ml  HjO  at 

0.1 

k/100  ml  acetone 

at 

25 

“C 

<0.1 

at 

_21_ 

cS 

(name  mater iai  used  as  solvent) 


I.  K SPECTROPHOrOMETEK 
NaO  PRISM 


NO, 

DAli  I INDEX 

10^1  I 

SAMPLE 

lal-Olnltro  l.S^hstars 
Dtaasnias  dlidtnu 


Supinilen  in  ■hits  alnaral 
ell. 

H>5m  TIm  » U 


SAMP.  Cau  MM  CMS. 


PEF.CEa  MM  CMS. 


BSS 

HUlQg 

US 

QQI 

HH 

IHH^ 

IBS 

BB 

■a 

69S^E 

Biff 

KHI 

RAIRD  ASSOCIATES.  INC. 
CAMtRIOeE.  MASS..  U4A. 


I0».t 


SAMPLE 
l.l-OlRitro  l.S>panUnB 
DLaveidua  dinltrata 

Suspension  in  Ptaorolaba 


FROM  Tlw  » 1?  aln 


EjgjI 

■■3 

BS!BI 

KB 

m 

m 
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Under  compatabillty  we  are  considering  the  ability  of  two  compounds  to  be  in  intiiaate  contact  (Note 
OSRD  5758  p.  21-22;  over  a long  period  of  time  without  adverse  effects  on  either  the  chemical  or  phyaical 
nroperties  of  either  material.  These  tests  will  probably  be  of  varied  extent.  They  might  be  sooe  of 
the  followings  (a)  Standard  stability  tests,  (b)  Sinole  observations  of  exudation  or  separation  at 
ambient  or  accelerated  temperetsire.  (c)  Prepare  thin  sheets  (.025"  thick,  1"  square)  of  the  plasticized 
material.  Separate  the  sheets  with  strios  of  cigarette  paper  or  carbon  paper  and  ccmpress  the  stack  in 
1 "C"  clamp.  After  several  days  note  the  oily  collection  on  the  caper.  Please  give  reference  to  or 
describe  procedure  used.  Item  28  is  to  indicate  results  when  the  compound  is  in  contact  with  some  materi- 
al other  than  ethyl  cellulose,  nitrocellulose  or  rubber. 


25.  Compatability  with  ethyl  cellulose: 


26.  Compatability  with  nitrocellulose: 


27.  Compatability  with  rubber: 


28.  Compatability  with 


29.  Polymerizing  properties  of  the  new  compound: 

(a)  By  itself  

(b)  In  mixtures  (*ith  additives) 

(c)  Inhibiting  action  on  polymerization  of: 

Thiokol  

Methacrylate  

Other  compounds  

30.  Availability 

a.  Amount  now  available?  research  quantities 

b.  When  was  available  material  first  prepared?  

c.  Amount  prepared  at  that  time?  

d.  Is  large  production  feasible  ? 

e.  Plant  capacity  in  existance,  lbs /day? 

f.  Outline  steps  for  a quantity  production  method  


31.  Additional  information:  (toxicity,  hszsMs,  deterlorstion,  oxygon  balance,  detonation  rate,  exploeive 

power,  ease  of  hydrolysis  by  water,  etc.  List  references,  reports,  data  books,  etc,  that  refer  to  the 
compound.)  . 

Galcu.Tat.p.d  Tf-ad-BI nc.k  Valufi  = 112  j 

Uftj  Nn.  S1P.S18. 
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Date  Questionnaire  on 

COMPOUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 


Listed  below  are  tlie  characteristics  i&ieh  are  beliered  to  be  of  importance  in  the  study  of  a compo^ 
which  may  possibly  be  used  as  a constituent  of  solid  propellants  or  other  explosiyes.  It  is  not  wpected 
that  all  this  information  will  be  ayailable  for  ayery  compound.  For  example,  with  a compound  showiax  j^or 
stability,  it  Is  probably  not  adrisablo  to  investigate  that  compound  farther.  After  placing  such  i^ormatio 
as  is  aTailabla  for  a compound  >diich  you  have  prepared  or  tested  on  one  of  these  foras,  send  it  to  SOLIS 
PROPELLAOT  IKFOHMATION  AGENCY.  APl/jHU.  8621  Georgia  ATenae.  Silver  Soring,  Maryland.  As  additional  infor- 
mation on  the  same  or  new  compounds  accrues,  forward  it  on  a similar  fora  at  a later  date#  Tm  inforaatlon 
submitted  on  these  forms  will  be  rewritten  and  published  by  SPIA  in  loose-leaf  manual  fora.  forms 

may  also  be  used  as  work  or  data  sheets  for  your  experimental  studies.  Extra  cooies  are  available  upon 
request  from  SFIA.  Suggestions  for  iaq>rovement  of  these  forms  are  invited.  If  insufficient  ^moe  has  been 
provided  for  any  item,  attach  separata  sheets. 


COMPOUND:  3-Nitraza  1,5-pentane  dianraionium 

Name  fi-i  nit.ra+.p 

E mplrical  formula  U)  |Ht  ) | N^Oft 
Structure:  (configuration) 


1 

N—  CH2CH2NH2*HN03 


Information  submitted  by: 
Activity  Aerojet  -Gftriftr 
Person  .FT»anlfF»1._o 

Date  n Mn-woimViaT*  IS 


Preparation  reactlon(s): 


i°2r  1 

N—  CH2CH2NGO 


|CH2CH2NCd  + 2HN0^  + 2H2O > N— |CH2CH2NH2*HN0j  ^ + 200^ 


1.  Quantitative  analysls:()(  by  weight) 

Carbon 

Calculated  from  formula  17.52 
By  determination  1 7.66 


Hydrogen 


Oxygen  Nitrogen 

30.65 


2.  Burning  properties: (compared  to  nitrocellulose,  under  nitrogen  at  atmospheric  pressurai) 


(faster?  slower?  residua? etc.) 
8.  Stability  and  Sensitivity:  piot  any  graphs  on 

separata  sheet 


Name  of  test 

a.  Impact  Sensitivity 

b.  Thermal  Stability 

c.  Vacuum  Stability 

d.  Temperature  of  Explosion 

e.  Temperature  of  Ignition 

f. 


Recommended  method 


OSRD  3401  p.8 

nol 

OSRD  3401  p.6 

NOL 


PlacusB  methods  used  when  they  vary 
from  referencea.  Give  temperature  uaed. 
(Uae  aeparate  sheet  if  necessary.) 

2.5-kg  weight 


5ULTS  OF  ABOVE  TESTS 


Reference  compound  

(daalgnatlon-TIir,  Tetryl,  N.C.,  etc.) 

Tetrvl.  32  cm/2.5  ker 


New  Compound  test  results 


4.  Heat  of  formation:  (aH)  + 


Kg.  calories  at  25%.,  1 atm.  pressure 
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By  Experiment  By  Calculation  Method 

DsBorlption  or  roforonoo.  9«p«r*io 

5.  Energy  of  explosion  (Q)  cai/gm  *’'**  “•<>••»»»/• 

let  25°f’.  H2O  liquid)  ^ 

6.  Heat  of  combustion  (H„)  2li96  cal/gm  2626  Aero.iet  Report  No . Iil7A 

(at  25°f;.  H2O  liquid) 

7.  Specific  impulse  (Isp)  calc;  Ib-sec/lb 

8.  Physical  form  of  compound (viecous  llnuid,  crystalline  type,  etc.)  white > crystalline  so3.i.d 


9.  Simple  microscope  analysis  data:  

(crystal  studies) 

10.  DensityfUooro  method)  1»$7  gm/cm3.  (Micro  or  other  method)  gm/cm3. 

(Exolain  on  separate  sheet  any  unique  methods  you  use.) 

11.  Index  of  refraction:  (n^^'’^*  ) 12.  Color  white  13.  Odor  none . 

14.  pH  at  25°C.  3.U  (Method  reference  DSHD  3401  o,4,  or  OSRD  5968,  Indicate  method  used,  l.e, 

solvent  end  conMntratlons  used.  pH  indicator  naoer  or  Beckman  pH  meter.)  With  Beckman  meter. 

saturated  solution  in  acetone /water  ($/l  volume  ratio) 


Ultraviolet  Absorption  Spectrum  of  3-Nitraza  1» 5-pentane 
diammonium  dinitrate  in  Water 


20.  Melting  point 


Page  10 
Appendix 


CONFIDENTIAL 


Report  No.  770 

SP1A/1M3 


21.  Freezing  point  vs.  Time  Curve;  (Please  mark  tha  coordlnataa  with  scale  values  that  apply  to  the  compound 

under  study.) 


TIME 


22.  Solubility  of  new  compound: 


g/100  ml  H2O  at  25°C.  

g/100  ml  acetone 

(name  material  used  as  aolvent) 


g/100  ml  H2O  at 
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Under  eompatablllty  we  are  considering  the  ability  of  two  compounds  to  be  in  intimate  contact  (Note 
OSM)  5758  p,  21-22;  over  a long  period  of  tine  without  adverse  effects  on  either  the  chemical  or  physical 
oropertles  of  either  material.  These  tests  will  probably  be  of  varied  extent.  They  might  be  some  of 
the  following!  (a)  Standard  stability  tests,  (b)  Slmole  observations  of  exudation  or  separation  at 
ambient  or  accelerated  temperature,  (c)  Prepare  thin  sheets  (.025"  thick,  1"  square)  of  the  plasticized 
material.  Separate  the  sheets  with  strlos  of  cigarette  paper  or  carbon  paper  and  compresa  the  stack  in 
■ "0"  clamp.  After  several  days  note  the  oily  collection  on  the  oaper.  Please  give  reference  to  or 
describe  procedure  used.  Item  28  is  to  indicate  results  when  the  compound  is  in  contact  with  some  materi- 
al other  than  ethyl  cellulose,  nitrocellulose  or  rubber. 


25.  Compatability  with  ethyl  cellulose: 


26.  Compatability  with  nitrocellulose: 


27.  Compatability  with  rubber: 


28.  Compatability  with 


29.  Polymerizing  properties  of  the  new  compound: 

(a)  By  itself  

(b)  In  mixtures  ("ith  additives) 

(c)  Inhibiting  action  on  polymerization  of: 

Thiokol  

Methacrylate  

Other  compounds  

30.  Availability 

a.  Amount  now  available ? research  quantities 

b.  When  was  available  material  first  prepared?  

c.  Amount  prepared  at  that  time?  

d.  Is  large  production  feasible? 

e.  Plant  capacity  in  existance,  Ibs/day? 

f.  Outline  steps  for  a quantity  production  method  


31.  Additional  information:  (toxicity,  hazards,  deterioration,  oxygen  balanca,  detonation  rate,  explosive 

power,  ease  of  hydrolysis  by  water,  etc.  List  references,  reports,  deta  books,  etc.  that  refer  to  the 
compound.)  


Calculatad.  lead-block  valua 
Calculated  halli  sti  c-mnrtar  vabTe 


Tnrr 


T...Methcd  of.  Aerojet  Report  No.  p.R. 
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I>Bte  Quaatl  onnalre  on 

COMPOUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 


Iiistad  b«low  are  ilia  charactorlstlcs  \diich  are  beliered  to  bo  of  importance  in  the  study  of  a compound 
>diich  may  possibly  be  used  as  a constituent  of  solid  propelleints  or  other  explosires.  It  is  not  expected 
that  all  this  inforzoation  will  be  aTallable  for  OTery  compound.  For  example,  with  a compound  showing  poor 
stability,  it  is  probably  not  adrisable  to  investigate  that  compound  farther.  After  placing  such  information 
as  is  available  for  a compound  vdiich  you  have  prepared  or  tested  on  one  of  these  forms,  send  it  to  SOLIS 
PBOPSLIANT  IHF0BMA7I0N  AO^CT,  AFI/JB!U,  8621  Georgia  Avenue,  Silver  Soring,  Haiyland.  As  additional  infor- 
mation on  the  SGune  or  new  compounds  accrues,  forward  it  on  a similar  form  at  a later  date.  The  information 
submitted  on  these  forms  will  be  rewritten  and  published  W 3PIA  in  loose-leaf  manual  form.  These  forms 
may  also  be  used  as  work  or  data  sheets  for  your  experimental  studies.  Xxtra  conies  are  available  upon 
request  from  SPIA.  Suggestions  for  ia^rovement  of  these  forms  are  invited.  If  Insufficient  space  has  been 
provided  for  any  item,  attach  separate  sheets. 


COMPOUND;  3j6-Dinitraza  1,8-octane 
Name  diammonlum 


kJH, 


NO- 

I ^ 

,NCH. 


E mpirical  formula  

Structure;  (eonflgurstlon) 


HNO- 


Preparation  reactlon(s); 


Information  submitted  by. 

Activity  Aero.jet-General  Corporation 
Person  M.  B.Frankel  and  L.T.Garleton 
Date  1 NnypTnyip-r  19,^8 


r NO- 
1 2 

r NO-  -j 

1 2 

CH^NCH^CH^NC^ 

+ 2HN0^  + 2H-0 — j 

9 

CH^NCH^CH  M,*HN0^ 

200, 


1.  Quantitative  analysis;(jt  by  weight) 

Carbon 

Calculated  from  formula  19.89 
By  determination 


Hydrogen  Oxygen  Nitrogen 

■^.01  30.93 

■■1.Q3 30.78 


2.  Burning  properties; (compared  to  nltroeelluloee , under  nitrogen  at  atmoepiierlo  preasurei) 


8. 


Stability  and  Sensitivity:  piot 


Name  of  test 

a.  Impact  Sensitivity 

b.  Thermal  Stability 

c.  Vacuum  Stability 

d.  Temperature  of  Explosion 

e.  Temperature  of  Ignition 

f.  

g.  

h. 


residue?  etc.) 


Recommended  method 


NOL 

(mom — 

OSRD  3401  p.8 

NOL 

QSBfXliOKiCXl 

OSRD  3401  p.6 

NOL 

(faster?  slower? 

•ny  graphs  on 
separate  sheet 


Discuss  methods  used  when  they  vwry 
froB  references.  Give  tempersture  used. 
(Use  separate  sheet  If  necessary.) 

2.$ -kg  weight 

hr  at  lOpOQ 


a. 

b. 

c. 

d. 

e. 

f. 

g- 

h. 


RESULTS  OF  ABOVE  TESTS 

Reference  compound  New  Compound  test  results 

(dealgnstlon-TNT,  Tetryl,  N.C.,  etc.) 

Tetryl,  32  cm/2.$  kg g8  cm/2.3  kg 


Q.Q  cc/g 
-317^0 


4.  Heat  of  formation:  (aH)  + -lS9 Kg.  calories  at  1 atm.  pressure 

iindleate  sign) 


Page  13 
Appendix 


CONFIDENTIAL 


Report  No.  770 
SPIA/M3 


By  Experiment 


By  Calculation 


5.  Energy  of  explosion  (Q) 


H2O  liquid} 

6.  Heat  of  combustion  (H/.) 


(at  25°n.  H2O  liquid 

7.  Specific  impulse  (Igp)  calc: 


2816 


cal/gm 

cal/gm 


Method 

_on  or  rofo; 
if  noooouury. 


Doscri^tion  or  rof»«&o«.  Sopanio 


2880 


Aerojet  Report  No.  iil7A 


Ib-sec/lb 


8.  Physical  form  of  compound (vlacoua  iinuid,  cryatalline  type,  etc.)  •white,  crystalline  solid 


9.  Simple  microscope  analysis  data;  

(cryatal  atudlea) 

10.  DensityiM®ero  method)  I.6O  arn/c.m?.  (Micro  or  other  method)  

(NOL)  (txolaln  on  aeperete  sheet  any  unique  methods  you  use.) 


gm/cm3. 


11.  Index  of  refraction:  ) 


12.  Color  white 


13.  Odor 


none 


14.  pH  at  25°C.  3.9  (Method  reference  OSRD  3401  0.4,  or  OSRD  5968.  Ind_ieate  iwthod  used,  l.e. 

solvent  and  concentrations  used.  pH  Indicator  neoer  or  Beckman  pH  meter.)  ffith  Beclcfn^n  meter. 


saturated  solution  in  acetone /vra ter  (^/l  -yolume  ratio) 
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21.  Freezing  point  vs.  Time  Curvet  (Please  mark  ths  coordinates  with  scale  values  that  apply  to  the  conpouad 

under  study.) 


22.  Solubility  of  new  compound: 


1)l g/100  ml  H2O  at  25“C.  g/100  ml  H2O  at t:. 

g/100  ml  acetone ^ at  2^  °C. 

(name  material  used  as  solvent) 

g/100  ml  toluene , at  2g  “C. 

(name  material  used  as  solvent) 


SAMPLE 
I 3a6-Dinltrsu  l.S-eatani 
aonlwi  dlnllnta 


FROM  Tlsa  • 12  sin 


gjgj} 

iHSS 

iBilW 

■IHi 

KH! 

■a 

BAIRD  ASSOCIATES,  INC. 
CAMIftlOeE.  MASS,  U4.A. 
im.f 
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Under  competabillty  we  are  considering  the  ability  of  two  compounds  to  be  in  intimate  contact  (Note 
OSRD  5758  p,  21-22;  over  a long  period  of  tine  without  adverse  effects  on  either  the  chemical  or  physical 
oroperties  of  either  material.  These  testa  will  probably  be  of  varied  extent.  They  might  be  aoae  of 
the  following:  (a)  Standard  stability  testa,  (b)  Simole  observations  of  exudation  or  separation  at 
ambient  or  accelerated  temperatiiM.  (c)  Prepare  thin  sheets  (.025*  thick,  1"  square)  of  the  plasticized 
material.  Separate  the  sheets  with  strioa  of  cigarette  paper  or  carbon  paper  and  compress  the  stack  in 
a "0"  clamp.  After  several  days  note  the  oily  collection  on  the  neper.  Please  give  reference  to  or 
describe  procedure  used.  Item  28  is  to  indicate  results  when  the  compound  is  in  contact  with  some  materi- 
al other  than  ethyl  cellulose,  nltrocelluloae  or  rubber. 


25.  Compatability  with  ethyl  cellulose: 


26.  Compatability  with  nitrocellulose; 


27.  Compatability  with  rubber; 


28.  Compatability  with 


29.  Polymerizing  properties  of  the  new  compound: 

(a)  By  itself  

(b)  In  mixtures  (*lth  additives) 

(c)  Inhibiting  action  on  polymerization  of: 

Thiokol  

Methacrylate  

Other  compounds  

30.  Availability 

a.  Amount  now  available  ? research  quantities 

b.  When  was  available  material  first  prepared?  

c.  Amount  prepared  at  that  time  ? 

d.  Is  large  production  feasible? 

e.  Plant  capacity  in  existance,  lbs /day? 

f.  Outline  steps  for  a quantity  production  method  


31.  Additional  information;  (toxicity,  hazards,  deterioration,  oxygen  balance,  detonation  rate,  exploaive 

power,  ease  of  hydrolysis  by  water,  etc.  List  references,  reports,  data  books,  etc.  that  refer  to  the 
compound.)  


Gaicnifltpri  nek  valnp 


= ~iU9' 


CalculfitRd  .hani.Hti  c-Tnnrtar  value  = 12^~ 


Jtethod  Qf  .Aerojpt  Report  1?1q.  ^12. ~p.fi. 
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r«ta  Quastionnaire  on 

COMPOUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 


which 


that  all  this  information  will  bs  awailabla  for  ovary  oompoiiad.  For  szanple,  with  a conpouna  shpwlag  poor 
stabili^,  it  is  probably  not  advisablo  to  invastigata  that  compound  futhar.  Aftar  placing  such  inzorMtios 
as  is  availabla  for  a compound  v^ich  you  hava  praparad  or  testad  on  one  of  thasa  forms,  sand  it  to  SOLID 

PBOPELUJIT  INTOSMASION  AGENCY,  API/JHU,  8621  Georgia  Avanua,  Sllvar  Sgring,  Mary: * ’ “ 

nation  on  tha  sans  or  naw  compounds  acoruas,  forward  it  on  a similar  form  at  a li 


land.  As  additional  infor* 
atar  data.  Tha  information 
SPIA  in  loosa-laaf  manual  fora.  Thasa  forms 


submittad  on  those  forms  will  bo  rawittan  and  published  by  s: — ^ 

may  also  be  used  as  work  or  data  sheets  for  your  azparimantal  studies.  Extra  eopias  are  availabla  upon 
request  from  SPIA.  Suggestions  for  iaprovenent  of  these  forms  are  invited.  If  insuffieisat  space  has  been 


provided  for  any  item,  attach  separate  sheets. 

COMPOUND:  3,3»5.7»7-Pentanitro  $-aza 

Name  1,9-Nonane  diammonium  dinitrate 
E mplr  leal  for mula  Li  rHt  ftN  i qUi 


far 

N—  p 


Structure:  (configuration) 
NO, 


Information  submitted  b]r> 

Activity  Aaroiet-General  Corporation 

M.R.FrflnlfPl  anr)  T..T.0a-r1pt.nn 


Person 
Date 


1 NovembPir  19i^3 


2r  )2 
N—  CH,,CCH,,CH, 


2NH2 


•HNO- 


NO, 


NO. 
I 2 

N— 


NO, 


r 1 2 1 

I t 1 t 

CH2GCH2CH2NC0 

\T/^ 

+ 2HN0.  + 2H^0— >N~  GH^CCHoCH^NH^*HN0- 

^ j 1.  c c d 

Preparation  reaction(s): 


NO, 


NO, 


+2C0, 


1. 


Quantitative  analysis:()f  by  weight) 

Carbon 

Calculated  from  formula  18.83 
By  determination  18.9^ 


en 


Oxygen 


Nitrogen 

27. 

_27.IQ 


2.  Burning  properties: (compared  to  nltroeelluloee,  under  nitrogen  st  atmoepherlc  pressuraO 

(faster? 


sldwar? 

S,  Stability  and  Sensitivity;  Plot  any  grapha  on 

separate  sheet 


residua?  etc.) 


a. 

b. 

c. 

d. 

e. 

f. 

g- 

h. 


Name  of  test 
Impact  Sensitivity 
Thermal  Stability 
Vacuum  Sbiblllty 
Temperature  of  Explosion 
Temperature  of  Ignition 


NOL" 

NOL 

NOL 


Recommended  method 


OSRD  3401  p.8 
OSRD  3401  p.6 


Placuaa  methods  used  when  they  vary 
from  referencea.  Give  temperature  used. 
(Use  separate  sheet  If  necessary.) 

2.9-kg  weight 


)g8  hr  at  lOPOQ 


Reference  compound_ 


RESULTS  OF  ABOVE  TESTS 


a. 

b. 

c. 

d. 

e. 

f. 

g- 

h. 


(daalgnstlon-TNr,  Tstryl,  K.C.,  etc.) 

Tfit-pyl . 32  c'.m  /?  A Vg 


New  Compound  test  results 

J.?,cm/2..'?  kg 

Over  30  cc/g/li8  hr 
197»G 


4.  Heat  of  formation:  (aH)  + "^Op  Kg.  calories  at  25°C.,  1 atm.  pressure 

(Indicate  sign) 


Page  17 
Appendix 


CONFIDENTIAL 


Report  No.  770 

SPIA/M3 


9.  Simple  microscope  analysis  data:  

(crystal  studies) 

10.  Density'i(Macro  method)  1.86  gm/rm3.  (Micro  or  other  method)  gm/cm3. 

(NOL)  (Exolaln  on  separate  sheet  any  unique  methods  you  use.) 

11.  Index  of  refraction:  (nn^'’^'  ) 12.  Color  white  13.  Odor  none . 

14.  dH  at  25°C.  k.O*  (Method  reference-  OSRD  3401  o.4,  or  OSRD  5968.  Indlcete  method  used,  i.e. 

solvent  and  concentrations  used.  pH  indicator  neoer  or  Beckman  pH  meter.)  With  Beckman 


Ultraviolet  Absorption  Spectrum  of  3,3.5t'^*7-Pentanitro-5-aza- 
It^-Nonane  Diammonium  Oinitrate  in  Water 


20.  Melting  point  178-183 

Decreasing  slowly. 
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21.  Freezing  point  vs.  Time  Curve:  (Please  mark  the  coordinataa  with  scale  values  that  apply  to  the  compound 

under  study.) 


d 

> 

LU 

a. 

h- 

< 

0: 

1. 1 

— 

a. 

2 

1- 







TIME 


22.  Solubility  of  new  compound: 

0.2 g/100  ml  H2O  at  25“C,  g/100  ml  H2O  at *0. 

<cO,l g/100  ml  acetone at 2$  *C. 

(name  material  used  aa  solvent) 

g/100  ml  toluene at 2$  t:, 

(name  material  used  as  solvent) 


f.  R.  SPECTROPHOTOMETER 
NvCl  PRISM 


NO. 


SATE  INDEX 

10.21.$)  I 

SAMPLE 

)>)>5>2.v.Pantanltro  $.asa. 
l.p.nerana  dUasnlva  dinlLrata 


Biiapsnaien  in  shits  aintral 


FROM  tt»  ■ 12  a 


^2 

IHQ 

IHH 

■ 

lES 

■1 

m 

■3 

Page  19 
Appendix 


PERCENT  TRANSMITTANCE 


CONFIDENTIAL 


Report  No.  770 

SPlA/k3 


Under  competebillty  we  are  considering  the  ability  of  two  eotipounds  to  be  in  intimate  contact  (Note 
OSRD  5758  p,  21-22)  over  a long  period  of  time  without  adverse  effects  on  either  the  chemical  or  physical 
oroperties  of  either  material.  These  testa  will  probably  be  of  varied  extent.  They  might  be  acne  of 
the  following*  (a)  Standard  stability  testa,  (b)  Slmole  observatlona  of  exudation  or  separation  at 
ambient  or  accelerated  temperature,  (e)  Prepare  thin  sheets  (.025*  thick,  1"  square)  of  the  plaaticlzed 
material.  , Separate  the  sheets  with  strloa  of  cigarette  paper  or  carbon  paper  and  compress  the  stack  in 
a "C"  clamp.  After  several  days  note  the  oily  collection  on  the  oeper.  Please  give  reference  to  or 
describe  procedure  used.  Item  28  is  to  indleete  results  when  the  compound  Is  in  contact  with  some  materi- 
al other  than  ethyl  cellulose,  nitroeelluloae  or  rubber. 

25.  Compatability  with  ethyl  cellulose;  


26.  Compatability  with  nitrocellulose: 


27.  Compatability  with  rubber: 


28.  Compatability  with 


Polymerizing  properties  of  the  new  compound: 

(a)  By  itself  

(b)  In  mixtures  (»ith  additives)  

(c)  Inhibiting  action  on  polymerization  of: 

Thiokol  

Methacrylate  

Other  compounds  

Availability 

a.  Amount  now  available  ? research  quani 

b.  When  was  available  material  first  prepared  ? 

c.  Amount  prepared  at  that  time  ? 

d.  Is  large  production  feasible? 

e.  Plant  capacity  in  existance,  Ibs/day? 

f.  Outline  steps  for  a quantity  production  method 


31.  Additional  information:  (toxicity,  haiaMs,  deterioration,  oxygen  balance,  detonation  rate,  exploaive 

po»er,  ease  of  hydrolysis  by  water,  etc.  List  references,  reporta,  data  books,  etc,  that  refer  to  the 
compound.) 
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Listiad  below  are  the  characteristics  vdilch  are  believed  to  bo  of  Importance  In  the  study  of  a compound 
which  may  possibly  be  used  as  a constituent  of  solid  propellants  or  other  explosives.  It  is  not  expected 
that  all  this  Inforioatlon  will  be  available  for  every  compound.  For  exaonple,  with  a compound  showing  poor 
stability,  it  is  probably  not  aidvisable  to  investigate  that  compound  farther.  After  placing  such  information 
as  is  available  for  a compound  which  you  have  prepared  or  tested  on  one  of  these  forms,  send  it  to. SOtiO 
PBOPELIAHT  IHFOSMATIOH  AGENCY,  AJl/JHU,  8631  Georgia  Avenue.  Silver  Soring,  Maryland.  As  additional  infor- 
mation on  the  same  or  new  compounds  acciues,  forward  it  on  a similar  form  at  a later  date.  The  information 
submitted  on  these  forms  will  be  rewritten  and  published  by  3P1A  in  loose-leaf  manual  form,  ^^ese  forms 
may  also  be  used  as  work  or  data  sheets  for  your  experimental  studies.  Extra  oooiss  are  available  upon 
request  from  SPIA.  Suggestions  for  improvement  of  these  forms  are  invited.  If  Insufficient  space  has  bean 
provided  for  auiy  item,  attach  separate  sheets. 


COMPOUND:  1, 7-Dinitrato  UiU-dinitro 


Name  heptane 

Empirical  formula  

Structure:  (configuration) 


N0„ 

i 2 r -1 

(j— ‘CH2GH2CH2ONO2:' 

NO2  " ^ 

Preparation  reactlon(s): 


Information  submitted  by. 

CyHi  pN),Q-|n  Activity  Aeroiet-General  Corporation 

Person  M.R.Frankpl  and  L.T .Carl p.tnn 
1 November  19'^  3 


NO- 
! 2 

G— I 
i 

NO, 


r 

HNO,  1 2 i 

- 

CHgCH^GH^OH 

^ > C- 

2 ' 

^ rrr\ 

CH^CH^CH^ONO^ 

1.  Quantitative  analysis:($  by  weight) 

Carbon 

Calculated  from  formula  26.93 
By  determination  p7.i 7 


H^ri^en 


Oxygen 


Nitrogen 

17. 9g 

i6.1i0 


2.  Burning  properties: (eoraparsd  to  nitrocellulose,  under  nitrogen  at  atmospheric  pressure  1) 


8. 


(faster?  slower?  residue?  etc. ) 
Stability  and  Sensitivity,  plot  any  graphs  on 

separate  sheet 


Name  of  test 

a.  Impact  Sensitivity 

b.  Thermal  Stability 

c.  Vacuum  Stability 

d.  Temperature  of  Explosion 

e.  Temperature  of  Ignition 

f.  

g-  

h. 


Recommended  method 
OSRD  3185 
08RD  3401  p.8 
06RD  3401  p.lO 
OSRD  3401  p.6 
OSRD  3401  p,6 


Plecuse  methode  used  when  they  vary 
frca  references.  Give  temperature  used. 
(Use  eeperste  sheet  If  necessery.) 


RESULTS  OF  ABOVE  TESTS 

Reference  compound  . New  Compound  test  results 

(dsslgnstlon-THT,  Tetryl,  N.C.,  etc.) 
a. 


c. 

d. 

e. 

f. 


g- 

h. 


4.  Heat  of  formation:  (aH)  + -127 Kg.  calories  at  26t.,  1 atm.  pressure 

Tlniliesis  sl'ipi) 
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By  Experiment 


By  Calculation 


JQ15_ 


cal/gm 

cal/gm 


3103 


Ib-sec/lb 


Method 

on  or  rofo: 

•hoot  If  nooootary. 


Cosorl^tion  or  rof^ronco.  Sopnmto 


Aerojet  Report  No.  Ul7A 


5.  Energy  of  explosion  (O) 

(at  25of'.  HaO  liquid) 

6.  Heat  of  combustion  (He) 

(at  25°f!.  HaO  liquid)  ' 

7.  Specific  impulse  (Isp)  calc: 

8.  Physical  form  of  compound (vlacous  llnuid,  crystalline  type,  etc.)  flaky  white  crystals 


9.  Simple  microscope  analysis  data:  

(crystal  studies) 

10.  DensityiMacro  method)  ^m/cm^.  (Micro  or  other  method)  gm/cm3. 

(Exolaln  on  separate  sheet  any  unique  methods  you  use.) 

11.  Index  of  refractlotu  (nn^**°*  ) 12.  Color  white 13.  Odor  none . 

14.  pH  at  25 °C.  8.6  (Method  reference  OSRD  3401  o.4,  or  OSRD  5968.  Indicate  jmethod  used,  i.e. 

solvent  and  concentrations  used.  pH  indicator  naoer  or  Beckman  pH  meter.)  With  Beckman  meter.. 

0.008  M in  acetone /water  (^/l  volume  ratio) 


Report  No,  770 

CONFIDENTIAL  SPIA/M3 

21.  Freezing  point  vs.  Time  Curve:  (Please  mark  tha  coordinates  sltb  scale  values  that  apply  to  the  compound 

under  study.) 


22.  Solubility  of  new  compound: 


<10.1 g/100  ml  H2O  at  25“C.  g/100  ml  H2O  at t. 

■Dsarly  g/100  ml  anetone , ^.t  2$ “C. 

(name  material  used  as  solvent) 

nearly  Cx-^ g/100  ml  toluene at  2^ “C. 

(name  material  used  as  solvent) 
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Under  competabillty  »e  are  oonsiderinp  the  ability  of  two  compounds  to  be  in  intimate  contact  (Uote 
OSRD  5758  p.  ?1-22J  over  a long  period  of  tine  without  adverse  effects  on  either  the  chemical  or  physical 
nrooertles  of  either  material.  These  tests  will  probably  be  of  varied  extent.  They  might  be  sooe  of 
the  following*  (a)  Standard  stability  teste,  (b)  Slraole  observations  of  exudation  or  seperation  at 
ambient  or  accelerated  temoerature.  (c)  Prepare  thin  sheets  (.025"  thick,  1"  square)  of  the  plasticized 
material.  Separate  the  sheets  with  strlos  of  cigarette  paper  or  carbon  paper  and  compress  the  stack  in 
a "C"  clamp.  After  several  days  note  the  oily  collection  on  the  neper.  Please  give  reference  to  or 
describe  procedure  used.  Item  28  is  to  indlcete  results  when  the  compound  is  in  contact  with  some  msterl- 
al  other  than  ethyl  cellulose,  nitrocellulose  or  rubber. 


25,  Compatability  with  ethyl  cellulose: 


26.  Compatability  with  nitrocellulose; 


27.  Compatability  with  rubber; 


28.  Compatability  with 


29.  Polymerizing  properties  of  the  new  compound; 

(a)  By  itself  

(b)  In  mixtures  (’•ith  additives)  IIZZZZZZZZZIIZIIZIZ 

(c)  Inhibiting  action  on  poiymerization  of: 

Thiokol  

Methacrylate  

Other  compounds  

30.  Availability 

a.  Amount  now  available  ? research  Quantities 

b.  When  was  available  material  first  prepared?  

c.  Amount  prepared  at  that  time?  

d.  Is  large  production  feasible? 

e.  Plant  capacity  in  existance,  Ibs/day? 

f.  Outline  steps  for  a quantity  production  method  


31,  Additional  information;  (toxicity,  hsssMs,  deterioration,  oxygen  balance,  detonation  rate,  explosive 

power,  ease  of  hydrolysis  by  water,  etc.  List  references,  reports,  data  books,  etc.  that  refer  to  the 
compound.)  

Calculated  lead-block  value  . 

Gfllriiilatfad  -hanis+.-i  c.-ninr+.af  valup 


-Method  .Q.f_Ap.ro,7et  Rp.port  Nn.  g(12..p.R. 
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Date  Queationnalre  on 

COMPOUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 


Listed  below  are  tlie  characteristics  which  are  beliewed  to  be  of  importance  in  the  study  of  a compound 
idiich  may  possibly  be  used  as  a constituent  of  solid  propellents  or  other  explosives.  It  is  not  expected 
that  all  this  information  will  be  available  for  every  compound.  For  example,  with  a compound  showinv  poor 
stability,  it  Is  probably  not  advisable  to  investigate  that  compound  farther.  After  placing  such  information 
as  is  available  for  a compound  vihich  you  have  prepared  or  tested  on  one  of  those  forms,  send  it  to  SOLIS 
PBOPELLAHT  IHTOHMATIOK  agency,  API/ JHU,  8621  Georgia  Avenue,  Silver  Soring,  Maryland.  As  additional  infor- 
mation on  the  same  or  new  compounds  accrues,  forward  it  on  a similar  form  at  a later  data.  The  information 
submitted  on  these  forms  will  be  rewritten  and  published  by  SPIA  in  loose-leaf  manual  form,  ^ese  forms 
may  also  be  used  as  work  or  data  sheets  for  your  experimental  studies.  Extra  eooies  are  available  upon 
request  from  SPIA.  Suggestions  for  iiq)rovenent  of  these  forms  are  Invited.  If  Insufficient  space  has  been 
provided  for  euoy  item,  attach  separate  sheets. 


COMPOUND:  l-Nitrato-3, 5-trinitro-3-aza- 
Name  hexane 

' 0'^H~9N<g'9  


Empirical  formula  

Structure:  (configuration) 


NO.  NO. 

I ^ t 

CH^CCH2NCH2CH20N02 


NO, 


Preparation  reaction(s): 


NO.  NO. 

I 2 I ^ 

CH^GCH^NCHjGH^OH 

NO. 


HNO- 


Information  submitted  by. 

Activity  Aerojet-General  Coraoration 
Person  M.R.Frank-ol  and  L.T.Garleton 
Date  1 November  19^3 

f 2 f 2 

GH^GGH^NCH^GH^ONO^ 


NO, 


1.  Quantitative  analysis:()t  by  weight) 

Carbon  Hydr^en  Oxygen  Nitrogen 

Calculated  from  formula  21.21  3.20  24.7li 

By  determination  on  , y),  3. ’ll  2?.3l 


2.  Burning  properties: (compared  to  nltrocelluloee,  under  nitrogen  at  etinoepherlc  pressurei) 


3. 


(faster?  slower?  residue?  etc.) 
Stability  and  Sensitivity  plot  any  graphs  on 

separate  aheet 


Name  of  test  Recommended  method 


a. 

Impact  Sensitivity 

NOL 

isamm^  - 

b. 

c. 

Thermal  Stability 
Vacuum  Stability 

NOL 

OSRD  3401  p.8 

d. 

Temperatime  of  Explosion 

OSRD  3401  p.6 

e. 

f. 

Temperature  of  Ignition 

OSRD  3401  p.6 

g‘ 

h. 

Dlacuas  oethoda  used  when  they  vary 
from  referencea.  Give  temperature  uaed. 
(Dae  aeparate  aheet  if  neeeaaary.) 

2.‘?-kg  weight 

lOO^C 


a. 

b. 

c. 

d. 

e. 

f. 

g- 

h. 


RESULTS  OF  ABOVE  TESTS 

Reference  compound  New  Compoimd  test  results 

(dsalgnstlon-TNT,  Tetryl,  N.C.,  etc.) 

Tetryl,  32  cm/2.^  kg 21  cra/2.^  kg 

1.1  cc7g/h8  hr;  l.g  cc/g/120hr 


4.  Heat  of  formation:  (aH)  -t-  -73  Kg.  calories  at  25t)..  1 atm.  pressure 

“(Indleals  sign)" 
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By  Experiment 


By  Calculation 


5. 


2U87 


cal/gm 

cal/gm 


Method 

on  or  rofo: 
if  noootsnrj. 


Dosorl^tion  or  rof^rono*.  Sopnmio 


2^33 


Aerojet  Report  No.  Ul7A 


Energy  of  explosion  (O) 

(at  25o('.  HjO  liquid; 

6.  Heat  of  combustion  (Ho) 

(at  2500.  H2O  liquid)  ■ 

7.  Specific  impulse  (Igp)  calc: 

8.  Physical  form  of  compound (Tlacoua  linuid,  eryatalline  type,  etc.)  white, crystalline  S0lid_ 


Ib-sec/lb 


9.  Simple  microscope  analysis  data:  

(oryatal  atudles) 

10.  DensityiHacro  method)  1.73  gtn/cm3.  (Micro  or  other  method)  gm/cm3. 

(NOL)  rixolain  on  aeperate  sheet  any  unique  methods  you  use.) 

11.  Index  of  refraction:  (n^^**^'  ) 12.  Color  white 13.  Odor  • 

14.  dH  at  25°C.  (Method  reference  OSBD  3401  o.4,  or  OSRD  5968.  Indicate  method  used,  i.e, 

solvent  and  concentrations  used.  pH  Indicator  oeoer  or  Beckman  pH  meter.)  'JVluh  BeCkman  meter. 


CONFIDENTIAL 


Report  No 

SPIA/M3 


770 


21.  Freezing  point  vs.  Time  Curve:  (Please  mark  tha  coor<)inataa  with  scale  values  that  apply  to  the  compound 

under  study.) 


d 

> 

UJ 
(£ 
3 
H 
< 
CK 
b 1 

i 

■ 

■ 

i 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

CL 

s 

i- 

TIME 


22.  Solubility  of  new  compound: 


<0,1 g/100  ml  H2O  at  25“C.  g/100  ml  H2O  at t, 

23 g/100  ml  acetone . at  2$ ®C. 

(name  material  used  ais  solvent) 

0,2 g/100  ml  toluene at  2$ °C. 

(name  materlai  used  as  solvent) 


SAMPLE 

I htxtne 

Siuparded  in  white  alninl 


FROM  Time  « 12  aln 


■■1 

m 

m 

■ 

m 

m 
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Under  eompeteblllty  we  are  considering  the  ability  of  two  compounds  to  be  in  Intimate  contact  (Note 
OSRD  5758  p.  Pl-22;  over  a long  period  of  time  without  adverse  effects  on  either  the  chemical  or  physical 
nrooertles  of  either  material.  These  tests  will  probably  be  of  varied  extent.  They  might  be  some  of 
the  followingi  (a)  Standard  stability  tests,  (b)  Simple  obsex^tions  of  exudation  or  separation  at 
ambient  or  accelerated  temoerature.  (c)  Prepare  thin  sheets  (.025"  thick,  1"  square)  of  the  plasticized 
material.  Separate  the  sheets  with  strloa  of  cigarette  paper  or  carbon  paper  end  ccmpress  the  stack  in 
a "C"  clamp.  After  several  days  note  the  oily  collection  on  the  oaper.  Please  give  reference  to  or 
describe  procedure  used.  Item  28  is  to  indicate  results  when  the  compound  is  in  contact  with  some  materi- 
al other  than  ethyl  cellulose,  nitrocellulose  or  rubber. 

25.  Compatabllity  with  ethyl  cellulose: 


26.  Compatability  with  nitrocellulose; 


27.  Compatability  with  rubber: 


28.  Compatability  with 


Polymerizing  properties  of  the  new  compound: 

(a)  By  itself  

(b)  In  mixtures  (*ith  additives)  ^ZZZIIZZIIIIIIZ 

(c)  Inhibiting  action  on  polymerization  of: 

Thiokol  

Methacrylate  

Other  compounds  

Availability 

a.  Amount  now  available?  research  quantities 

b.  When  was  available  material  first  prepared? 

c.  Amount  prepared  at  that  time?  

d.  Is  large  production  feasible? 

e.  Plant  capacity  in  existance,  lbs /day?  ~ 

1.  Outline  steps  for  a quantity  production  method 


31,  Additional  information:  (toxicity,  hasaf'ds,  deterioration,  oxygen  balance,  detonation  rate,  explosive 

pcmer,  ease  of  hydrolysis  by  water,  etc.  List  references,  reports,  data  books,  etc.  that  refer  to  the 
compound.) 
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Pata  Questionnaire  on 

COMPOUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 


Listed  below  are  the  cheiracteri sties  ^ich  are  belieTed  to  be  of  importaACo  In  the  study  of  a compound 
whlcli  may  possibly  be  used  as  a constituent  of  solid  propellants  or  other  exploslTes.  It  Is  not  expected 
that  all  this  l^oraation  will  be  available  for  every  compound.  Tor  example,  with  a compound  showing  poor 
stability,  it  is  probably  not  advisable  to  investigate  that  compound  faurther.  After  placing  such  inzormatioc 
as  is  available  for  a compound  which  you  have  prepared  or  tested  on  one  of  these  forms,  send  It  to  SOLIS 
PROPELLAira  IHFOHMATION  AGENCY,  APl/JHU,  8621  Georgia  Avenue,  Silver  Soring,  Maryland.  As  additional  Infor- 
mation on  the  sane  or  new  compounds  acciues,  forward  it  on  a similar  form  at  a later  date.  The  Information 
submitted  on  these  forms  will  be  rewritten  euid  published  by  SPIA  In  loose-leaf  manual  form.  These  forms 
may  also  be  used  as  work  or  data  sheets  for  your  experimental  studies.  Extra  copies  are  available  upon 
request  from  SPIA.  Suggestions  for  improvement  of  these  forms  are  Invited.  If  Insufficient  space  has  been 
provided  for  any  item,  attach  separate  sheets. 


COMPOUND:  2,2,6,9»9-Pentanitro-U-oxa-5-keto 

Name  6-aza-decane 

Empirical  formula  2 ~ 

Structure:  (configuration) 

HOj  HO2  NOj 

CH,GCH„CH,NCO„CH,CCH, 

J I 2 2 2 2 1 j 

NOj  NOj 


Information  submitted  by. 

Activity  Aeroiet-General  Corporation 
Person  M.R.FranWpl  and  T,.T .Carl pt.nn 
Date  1 Nnvftmhffr  19^^  3 


NO  NO,  NO,  H MO, 

! 2 j 2 I 2 I . I 2 

CHjCCHjCHjHCO  + HOCHjCCHj ^ CHjCCHjCHjNCOjCHjCCHj 

NOg  NOg  NOj  NOg 


HNO, 


NOg  NOg  NOg 

CHjCCHgCHgNOOgCHgCCHj 
NOg  NOg 


1.  Quantitative  analysls:(jt  by  weight) 

Carbon 

Calculated  from  formula  pej  .01 
By  determination  oA 


Hydrogen  Oxygen  Nitrogen 

3.1=^  21.88 

21.73,. 


2.  Burning  properties: (compared  to  nitrocelluloee,  under  nitrogen  at  atnoepherlc  preaaurai) 


3. 


(faster?  alower?  reaidue?  etc.) 
Stability  and  Sensitivity.  Plot  any  grapha  on 

separate  sheet 


Name  of  test 

a.  Impact  Sensitivity 

b.  Thermal  Stability 

c.  Vacuum  Stability 

d.  Temperature  of  Explosion 

e.  Temperature  of  Ignition 

f.  

g.  

h. 


Recommended  method 


OSRD  3401  p.8 
NOLSSmXSXdKpiS 
OSRD  3401  p.6 
NODOSeiXMiSKpK 


Placuaa  methods  uaed  when  they  vwry 
from  references.  Give  temperature  used. 
(Use  separate  sheet  if  necessary.) 

2.^-kg  vfeight 

lOQPC 


a. 

b. 

c. 

d. 

e. 

f. 

g- 

h. 


RESULTS  OF  ABOVE  TESTS 

Reference  compound  New  Compound  test  results 

(daalgnatlon-TNT,  Tetryl,  N.C.,  etc.) 

Tetrvl.  32  cm/2. *3  ke; , Li7  cm/2.^  kg 


Class  II 


293^0 


4.  Heat  of  formation:  (aH)  + -lU7  Kg.  calories  at  25t)..  1 atm.  pressure 

" rindlcate  sign) 
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By  Experiment  By  Calculation 


5.  Enercv  of  explosion  (Q)  cal/gm 

(at  25°r’.  HaO  liquid)  

6.  Heat  of  combustion  (Hg) 26U3 cal/gm  2666 

(at  HaO  liquid) 

7.  Specific  impulse  (Isp)  calc:  Ib-sec/lb 


Method 

D««eription  or  roforonoo,  Sopartito 

•hoot  if  nooootary. 


Aero.jet  Report  No.  Ijl7A 


8.  Physical  form  of  compound (viacoua  llnuid,  crystalline  type,  etc.)  white  crystalline  solid 


9.  Simple  microscope  analysis  data; 

(crystal  studies) 


10.  DensltyiU  aero  method)  1.6l 

(NOL) 

11,  Index  of  refraction:  ) 


(Micro  or  other  method) 


KAJlft/Vl&t  • ..'I  

Exolaln  on  seperate  sheet  any  unique  methods  you  use.) 

12.  Color  white  13.  Odor 


gm/cm3. 


none 


14.  pH  at  25°C.  (Method  reference  OSRD  3401  o.4,  or  OSRD  5968.  Indicate  raethc^  used,  i.e. 

solvent  and  concentrations  used,  pH  indicator  tjeoer  or  Beckman  pH  meter.)  hith  Beckirian  meter j 


O.O2L1  M in  acetone /water  i^/l  volume  ratio) 


Ultraviolet  Absorption  Spectrum  of  2f 2.6»9,9-l^ntanitro  h-oxa 
5-Keto  6-Aza-Decane  in  Methanol 


20.  Melting  point  70-72  'C. 
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21.  Freezing  point  vs.  Time  Curve:  (Please  mark  the  coor<Unates  with  scale  valuaa  that  apply  to  the  conpouad 

under  study.) 


22.  Solubility  of  new  compound: 

<0.1 g/100  ml  H2O  at  25°C.  g/lOO  ml  HgO  at t. 

190 g/lOO  ml  acetone at  2$ ®C. 

(name  material  used  as  aolvent) 

g/100  ml  toluene ^ at  “C, 

(tutme  material  \ued  as  solvent) 


N°-  i 

DATE 

5-1T-53 

r 

INDEX  1 

SAMPLE 

?.?id.7.y-hnt*idtro-{i-oxa- 

S-lcato-^-ata-d«oina 

Saturatad  aolutlen  in  CHClj 

PROM 

Tias  - IP  aln 

B9 

BSHtH 

023 

■BS 

QQ 

Hi 

BBI 

■ 

Hi 

lES 

c 

WAVE  NUMBERS  IN  CM->  WAVE  NUMBERS  I 

4000  3000  2S00  2000  tSM  1400  1300  1200  1100  1000  400 


CAMMID6&  MASS^ 
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tJnder  compatablllty  we  are  considering  the  ability  of  two  compounds  to  be  in  intimate  contact  (Note 
OSRD  5758  p.  ?l-22)  over  a long  period  of  time  without  adverse  effects  on  either  the  chemical  or  physical 
oroperties  of  either  material.  These  testa  will  probably  be  of  varied  extent.  They  might  be  sone  of 
the  following!  (a)  Standard  stability  testa,  (b)  Slaole  observationa  of  exudation  or  seperatl on  at 
ambient  or  accelerated  temperatiire.  (c)  Prepare  thin  shoeta  (.025*  thick,  1"  square)  of  the  plasticized 
material.  Separate  the  sheets  with  strioa  of  cigarette  peper  or  carbon  paper  and  compress  the  stack  in 
a clamp.  After  several  days  note  the  oily  collection  on  the  oeper.  Please  give  reference  to  or 
describe  nrocedure  used.  Item  28  is  to  indicate  results  when  the  compound  is  in  contact  with  soaie  materi- 
al other  than  ethyl  cellulose,  nitrocellulose  or  rubber. 


25.  Compatability  with  ethyl  cellulose: 


26.  Compatability  with  nitrocellulose: 


27.  Compatability  with  rubber: 


28.  Compatability  with 


29.  Polymerizing  properties  of  the  new  compound: 

(a)  By  itself  

(b)  In  mixtures  ("ith  additives)  IZIIIZIIZIZZZIIZIZIZZI 

(c)  Inhibiting  action  on  polymerization  of: 

Thiokol  

Methacrylate 

Other  compounds  

30.  Availability 

a.  Amount  now  available?  rasear oh  qnn nt.i  t,i r s 

b.  When  was  available  material  first  prepared? 

c.  Amount  prepared  at  that  time?  

d.  Is  large  production  feasible  ? 

e.  Plant  capacity  in  existance,  lbs /day? 

f.  Outline  steps  for  a quantity  production  method 


31.  Additional  information:  (toxicity,  hazards,  deterioration,  oxygen  balance,  detonation  rate,  explosive 

power,  ease  of  hydrolysis  by  water,  etc.  List  referencee,  reports,  data  hooka,  etc,  that  refer  to  the 
compound.)  . 


/ 
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Data  Queatl  onnalre  on 

COMPOUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 


Listed  below  are  the  characteristics  idiich  are  belieTed  to  be  of  importance  in  the  study  of  a compound 
vdiieh  may  possibly  be  used  as  a constituent  of  solid  propellants  or  other  explosiTos.  It  is  not  expected 
that  all  this  information  will  be  available  for  every  compound.  Tor  example,  with  a compound  showing  poor 
stability,  it  is  probably  not  sAvisable  to  investigate  that  compound  farther.  After  placing  such  information 
as  is  available  for  a compound  v&ich  you  have  prepared  or  tested  on  one  of  these  forms,  send  it  to  SOLIS 
JEOPELLAOT  IHITOBMATION  AGENCY,  APl/JHU,  8621  Georgia  Avenue,  Silver  Spring,  Maryland.  As  additional  infor- 
mation on  the  same  or  new  compounds  accrues,  forward  it  on  a similar  form  at  a later  data.  The  information 
submitted  on  these  forms  will  be  rewritten  and  published  by  3PIA  in  loose-leaf  manual  form.  These  forms 
may  also  be  used  as  work  or  data  sheets  for  your  experimenteil  studies.  Extra  conies  are  available  upon 
request  from  SPIA.  Suggestions  for  isqirovesMnt  of  these  forms  are  invited.  If  Insufficient  space  has  been 
provided  for  any  item,  attach  separate  sheets. 


COMPOUND:  2,2,6,9.9»9-Hexanitro  U-oxa  5-keto 

Name  6-aza-nonane 

Empirical  formula  CJyHQN7(JT  I,  


Structure:  (configuration) 


fa  f2 

( NOj ) jGCHjCHjNCO jCHjCCHj 
NOg 


Information  submitted  by. 

Activity  Aerolet-General  Corporation 
Person  M.B.Frankel  and  L.T.Carleton 

J UnvPTnh>^T»  19?^ 


fa 


(N02)^CCH2CH2NC0  + HOGH^CGHj > (NOj^jGCHgGHjNCO^CHjCCHj 


fa  HNO 


N0„ 


fa 


N0„ 


I 

N0„ 


(NOjJjCGHjCHjNGOjGHjCGHj 


NO., 


1.  Quantitative  analysis:()t  by  weight) 

Carbon 

Calculated  from  formula  20.2^ 
By  determination  on 


Hydrogen 

2-19 

2.22 


Oxygen 


Nitrogen 

23.62 


2.  Burning  properties: (compared  to  nltrocelluloee,  under  nitrogen  at  ataoepherlc  preaaura:) 


(faster?  slower^  realdue?  etc.) 


3.  Stability  and  Sensitivity  Plot  any  graphs  on 

separate  abeet 


Name  of  test 

a.  Impact  Sensitivity 

b.  Thermal  Stability 

c.  Vacuum  Stability 

d.  Temperature  of  Explosion 

e.  Temperature  of  Ignition 

f.  

g.  

h. 


Recommended  method 

NOL  osaamasc 

OSRD  3401  p.8 

NOL  wmmiiiW) 

OSRD  3401  p.6 

NOL 


niacuaa  nethoda  uaed  when  they  vary 
from  referencea.  Give  temperature  uaed. 
(Uae  aeperate  aheet  If  neceaaary.) 

2.‘?-kg  weight 

li8  hr  at  lOO^G 


Reference  compound_ 


RESULTS  OF  ABOVE  TESTS 


Class  III 


(daalgnatlon-Tlfr,  Tetryl,  N.C.,  etc.) 

a.  Teti-vl,  32  cm/? kg , 16  cm/2.'?  kg 

h. 

c. 

d.  

e.  

f.  

g-  

h. 


New  Compound  test  results 


22^00 


4.  Heat  of  formation:  (aH)  + -llU  Kg.  calories  at  25%.,  1 atm.  pressure 

rindlcate  sign) 
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By  Experiment  By  Calculation  Method 

D*scriDiio&  or  roforo&ot.  SopAr^io 

5.  Erjergy  of  explosion  (Q)  cal/gm  ““** 

lat  250('.  H2O  liquid)  ^ 

6.  Heat  of  combustion  (H-)  20'?  1 cal/gm  2033  Aeroiet  Report  No.  Iil7A 

(at  25°(^.  H2O  liquid 

7.  Specific  impulse  (Igp)  calc:  Ib-sec/lb 

8.  Physical  form  of  compound (viacous  llnuid,  crystalline  type,  etc.)  Trhite.  needle-shaped 

crystals 


9.  Simple  microscope  analysis  data:  

(crystal  studies) 

10.  Densit3rt(8aero  method)  £m/cw?.  (Micro  or  other  method)  gm/cm3. 

(Erolaln  on  separate  sheet  any  unique  methods  you  use.) 

11.  Index  of  refraction:  ) 12.  Color  white  13.  Odor  none . 

14.  pH  at  25°C.  (Method  reference  OSBD  3401  o.4,  or  OSRD  5968.  Indicate  method  used,  l.e. 

solvent  and  concentrations  used.  pH  Indicator  oaoer  or  Beckman  pH  meter.)  »ith  Beckman  pH 

meter.  O.Olli  in  acetone /water  (^/l  volume  ratio) 


20,  Melting  point  ^ 
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21.  Freezing  point  vs.  Time  Curve:  (Please  mark  tha  eoordinatea  with  scale  values  that  apply  to  the  compound 

under  study.) 


22.  Solubility  of  new  compound: 


<0.1 g/100  ml  H2O  at  25“C. 


g/100  ml  H2O  at 


■c. 


212 


3.0 


g/100  ml  af.ftt.onp 2S  *C. 

(name  material  used  as  solvent) 

g/100  ml  toluene at 2$  "C. 

(name  material  used  as  solvent) 


SAStfLE 

I 2<?>6<y<9.y-HmnUro>b-cu* 

I ^•k«tO'4>«iiM>anani 


FROM  ftM  • 12  alB 


IDSHC 

SB!3 

1^^ 

HB3I 

iB9 

hihI 

IBS 

m 

m 

■9 

m 

lAIRD  ASSOCIATES,  INC. 
CAMMWeE,  MASS, 
im-t 
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Under  competablllty  we  are  considering  the  ability  of  two  compounds  to  be  in  Intimate  contact  (Note 
OSRD  5758  p,  21-22)  over  a long  period  of  time  without  adverse  effects  on  cither  the  chemical  or  physical 
oroperties  of  either  material.  These  testa  will  probably  be  of  varied  extent.  They  might  be  some  of 
the  following*  (a)  Standard  stability  testa,  (b)  Simole  observations  of  exudation  or  separation  at 
ambient  or  accelerated  temperatiure.  (c)  Prepare  thin  sheeta  (.025"  thick,  1"  square)  of  the  plasticized 
material.  Separate  the  sheeta  with  atrlns  of  cigarette  paper  or  carbon  paper  and  ccmpress  the  stack  in 
a "0"  clamp.  After  several  days  note  the  oily  collection  on  the  neper.  Please  give  reference  to  or 
describe  procedure  used.  Item  28  la  to  indlcete  results  when  the  compound  is  in  contact  with  some  materi- 
al other  than  ethyl  cellulojie,  nitrocellulose  or  rubber. 


25,  Compatability  wito  ethyl  cellulose; 


26.  Compatability  with  nitrocellulose; 


27.  Compatability  with  rubber; 


28.  Compatability  with 


29.  Polymerizing  properties  of  the  new  compound; 

(a)  By  itself  

(b)  In  mixtures  ("ith  additives) 

(c)  Inhibiting  action  on  polymerization  of; 

Thiokol  

Methacrylate  

Other  compounds  

30.  Availability 

a.  Amount  now  available ? research  Quantities 

b.  When  was  available  material  first  prepared?  

c.  Amoimt  prepared  at  that  time?  

d.  Is  large  production  feasible? 

e.  Plant  capacity  in  existance,  lbs /day? 

f.  Outline  steps  for  a quantity  production  method  


31. 


Additional  information:  (toxicity,  hazs^tds,  deterioration,  oxygen  balance,  detonation  rate,  explosive 
pwer,  ease  of  hydrolysis  by  water,  etc.  List  references,  reports,  data  books,  etc.  that  refer  to  the 
c oapound . ) 


Calculated  lead-block  value 

GnTcu-l^t.fid  hallist.-ic  tnnrtar  value 


Z.lLg. ' 

7^ 


■ Method  of  Aerojat  Report  No.  <^12T~p. 
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p6ta  Questionnaire  on 

COMPOUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 


listed  below  are  the  characteristics  iAiich  are  beHered  to  be  of  importance  in  the  study  of  a coapo^ 
vliiclx  ]&87  possibly  be  used  as  a coststituent  of  solid  propollauts  ot  othsr  explosiTes*  It  is  not  ^psctod 
that  air  this  information  will  bo  available  for  every  compound.  For  5xaaple,  with  a compound 
stability,  it  is  probably  not  advisable  to  investigate  that  compound  farther.  After  placing  such  i^or^tion 
as  is  aT&{ labia  for  a conpound  vdiich  you  have  praparad  or  tasted  on  ona  of  thasa  foras^  sand  it  to  SOLIS 
PBOPELLAOT  IHFOHMATION  AGENCY.  APl/jmj,  8621  Georgia  Arantto.  Silver  Soring.  Maryl^.  As  additional  ix^or- 
xoation  on  the  same  or  new  compounds  accrues,  forward  it  on  a similar  form  at  a later  data#  Information 

submitted  on  tbasa  forms  will  be  rewritten  and  published  by  SPIA  in  loose-leaf  manual  form*  These  forms 
may  also  be  used  as  work  or  data  sheets  for  your  experimental  studies e Extra  copies  are  available  upon 
request  from  SPIA.  Suggestions  for  improvement  of  these  forms  are  invited.  If  insufficient  space  has  been 
provided  for  any  item,  attach  separate  sheets. 


COMPOUND:  l,l,l,U»8,8,12,l5,l5.l5-Decanitro  U»12-diaza 

Name  ^ . ll-dikfito-6. 10-dioxa-Pentadecane  Information  submitted  by. 

Empirical  formula  Activity  Aero.iet-General  Corporation 


structure:  (configuration) 


NOg  NOj 

|(N02)3CCH2CH2NC02ChJ  -C 
^ NO, 


Person  M.B.Frank-fil  ar)d  T..T.Gar1f>ton 
Date  1 November 


2(M02J3CCH2CH2NG0 

“°2  r 

.i-U  - 

NO2 

H NO2 

->KN02J3CCH2CH2NC02CHJ  — C - 
^ ^ HO2 

HNO,  r 

[(NO2J. 

Quantitative  analysis:!^  by  weight) 

Carbon 

Calculated  from  formula  1Q,9'L 

Hydrogen  Oxygen 

I.7I1 

Nitrogen 

2)1. Ill 

By  determination 

— 1S.*25 

2.00 

-2iu2J„. 

NO, 


NO^ 

-C 

I 

NOj 


2.  Burning  properties: (comparad  to  nitrocalluloae,  under  nitrogen  at  atnoepheric  preaauraj) 


(faster?  slower?  raaldua?  etc.) 


8.  Stability  and  Sensitivity;  piot  any  grapha  on 

separate  sheet 


Name  of  test 

a.  Impact  Sensitivity 

b.  Thermal  Stability 

c.  Vacuum  Stability 

d.  Temperature  of  Explosion 

e.  Temperature  of  Ignition 

f.  

g.  

h. 


Recommended  method 

NOL  xmocxim. 

OSRD  3401  p.8 

NOL 

OSRD  3401  p.6 

NOL 


Plscuss  nethods  used  when  they  vary 
fro.  references.  Give  temperatxire  used, 
(Use  separate  sheet  if  necessary.) 

2.^-kg  weight 

1x8  hr  at  100°0 


Reference  compound_ 


RESULTS  OF  ABOVE  TESTS 


a. 

h. 

c. 

d. 

e. 

f. 

g- 

h. 


(dsslgn*tlon-Tlir,  Tstryl,  N.C.,  etc.) 

Tetryl,  32  cm/2.^  kg , 20  cin/2.'^  kg 


New  Compound  test  results 


?t0  c,c,/g 


212^0 


4.  Heat  of  formati<»:  (aH)  + -167  Kg.  calories  at  25')C..  1 atm.  pressure 

~ TThaicsts  blgn) 
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By  Experiment 


By  Calculation 


Energy  of  explosion  (Q) 
(at  ZSor,  H2O  liquid; 


cal/gm  _ 

6.  Heat  of  combustion  (H^)  l83k  cal/gm  178U  Aeroiet  Report  No. 

(at  H2O  liqulrf) 

7.  Specific  impulse  (Isp)  calc:  Ib-sec/lb 

8.  Physical  form  of  compound (viacous  llnuid,  crystalline  type,  etc.)  white,  crystalline  solid 


Method 

D««eriptlo&  or  rof.ronoo.  S«pu«to 
•hoot  If  B.o.oswy. 


9.  Simple  microscope  analysis  data:  

(crystal  studies) 

10.  DensilyiUccro  method)  1«7U  (Micro  or  other  method)  gm/cm3. 

(NOL)  (Exolain  on  separate  sheet  any  unique  methods  you  use.) 

11.  Index  of  refraction:  ) 12.  Color  White  13.  Odor  none . 

14.  pH  at  25°C.  (Method  reference  OSRD  3401  o.4,  or  OSRD  5%8.  Indicate  method  used,  i.e. 

solvent  end  concentrations  used.  pH  Indicator  neoer  or  Beckman  pH  meter.)  With  Beckman  meter. 


12.  Color  White 


13.  Odor 


Decreasing  rapidly. 
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21.  Freezing  point  vs.  Time  Curve:  (Please  mark  tha  coordinates  «lth  scale  values  that  apply  to  the  compound 

under  study.) 


d 

0 

1 

1 

i 

■ 

i 

■ 

■ 

■ 

(T 

3 

H 

< 

cr 

UJ 

■ 

■ 

Ol 

s 

Ul 

■ 

■ 

i 

j 

TIME 


22.  Solubility  of  new  compound. 

<0.1 g/100  ml  H2O  at  25‘’C.  g/100  ml  H2O  at t. 

2^0 g/100  ml  acetone at  2^ *C. 

(name  material  used  as  solvent) 

g/100  ml  at X, 

(name  material  used  as  solvent) 


SAMFIE 

Dtcenltro 

dik«lo-6.10-dloxa  (nntadecam 
Sttanted  (olutlon  in  CHClj 


PKOM  Tlae  • 1?  adn 


lUliiljHVKIIS 

IHH 

B5 

m 

■1 

mm 
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Under  comnetablllty  we  are  considering  the  ability  of  two  compounds  to  be  in  intimate  contact  (Note 
OSRD  y75Sp7~^T-22)  over  a long  period  of  tine  without  adverse  effects  on  either  the  chemical  or  physical 
nroperties  of  either  material.  These  testa  will  probably  be  of  varied  extent.  They  might  be  Booe  of 
the  following*  (e)  Standard  stability  teste,  (b)  Slanle  observatlona  of  exudation  or  separation  at 
ambient  or  accelerated  temperature,  (o)  Prepare  thin  sheets  (.025"  thick,  1"  square)  of  the  plasticized 
material.  Separate  the  sheets  with  strios  of  cigarette  paper  or  carbon  paper  and  compress  the  stack  in 
a "C  clamp.  After  several  days  note  the  oily  collection  on  the  neper.  Please  give  reference  to  or 
describe  procedure  used.  Item  28  is  to  indicate  results  when  the  compound  is  in  contact  with  some  materi- 
al other  than  ethyl  cellulose,  nitrocellulose  or  rubber. 

Compatability  with  ethyl  cellulose:  


Compatability  with  nitrocellulose: 


Compatability  with  rubber: 


Polymerizing  properties  of  the  new  compound; 

(a)  By  itself  

(b)  In  mixtures  (’•ith  additives)  ZZZZZIZIIIZIIZ 

(c)  Inhibiting  action  on  polymerization  of: 

Thiokol  

Methacrylate  

Other  compounds  

Availability 

a.  Amount  now  available ? research  quant 

b.  When  was  available  material  first  prepared? 

c.  Amount  prepared  at  that  time  ? 

d.  Is  large  production  feasible  ? 

e.  Plant  capacity  in  exlstance,  lbs /day?  ~ 

f.  Outline  steps  for  a quantity  production  method 


31.  Additional  information:  (toxicity,  haxaf'ds,  deterioration,  oxygen  balance,  detonation  rate,  explosive 

power,  ease  of  hydrolysis  by  water,  etc.  Llat  references,  reports,  data  books,  etc.  that  refer  to  the 
compound.) 
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Pats  Questionnaire  on 

COMPOUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 


Listed  below  are  tlie  cliaracteristics  tdiich  are  belioTed  to  be  of  inportaace  in  the  study  of  a conpound 
wbicb  nay  possibly  bo  used  as  a constituent  of  solid  propellants  or  other  explosiTes.  It  is  not  expected 
that  all  this  information  will  be  awailable  for  OTory  compound.  For  example,  with  a compound  showing  poor 
stability,  it  Is  probably  not  adrisable  to  investigate  that  compound  farther.  After  placing  such  inforMtion 
as  is  aTailabls  for  a compovu^  \^ich  you  have  prepared  or  tested  on  one  of  these  fomS|  send  it  to  SOLID 
PROPELLAST  IHPOHMATION  AGENCY,  APl/JHIJ,  8621  Georgia  Avenue,  Silver  Spring,  Maryland.  As  additional  infor- 
mation on  the  same  or  new  compounds  accrues,  forward  it  on  a similar  form  at  a later  date.  The  information 
subadtted  on  these  forms  will  bo  rewritten  and  published  by  3PIA  in  loose-leaf  manual  form.  These  forms 
may  also  be  used  as  worlc  or  data  sheets  for  your  experimental  studies.  Extra  copies  are  avmilabls  upon 
request  from  SPIA.  Suggestions  for  improvement  of  these  forms  ars  invited.  If  insufficisnt  space  has  been 
provided  for  any  item,  attach  separate  sheets. 


COMPOUND:  8,ll,l5.l5.1^-Nonanitro  3,13-dioxa 

Name  k.  12-diketo  . 8,  ll-triaza-oentadecane  Information  submitted  by; 

Empirical  formula  G-inHipNioOoo  Activity  Aj^rn-ifit.-Gpnpral  Cnrpfirat.i  on 

Structure: (configuration)  Person  M.R.FranlfAl  and  T..T.Cflr1pt.rin 

Date  1 Novembar  19^3 


far  i°2  1 

N—  CH2CH2NCOjCH2C(NOj)3 
”°2 

N— ^H2CH2NC^  + 2H0CH2C(N02)3 


rar 

I N—  c; 


H 

I , , 

CH2CH2NC02CH2C(N02)3| 


HNO3  f2  p 


NOo 
2 r I 2 
|CH2CH2NC020H2C(N02) 


1.  Quantitative  analysls:()(  by  weight) 

Carbon 

Calculated  from  formula  18. hi 
By  determination  1 8.98 


Hydrogen  Oxygen  Nitrogen 

1.86 2^.77 

—■ 2..23 


2.  Burning  properties: (compered  to  nltrocellulooe,  under  nitrogen  at  atmoepherlc  preaaurai) 


3. 


(faster?  slower?  realdua?  etc.) 


Stability  and  Sensitivity:  piot  any  grapha  on 

separate  aheet 

Piacuaa  methods  used  when  they  vary 
from  referencea.  Give  temperature  uaed, 
(tJae  aeperate  aheet  if  Deceaaary,) 

a. 

Name  of  test 
Impact  Sensitivity 

Recommended  method 
NOL  osKaxim 

2.^-ke  weieht 

b. 

Thermal  Stability 

OSRD  3401  p.8 

c. 

Vacuum  Stability 

NOL  (S9B[12D3)(BX^m 

h6  hr  at  100°C 

d. 

Temperature  of  Explosion 

OSRD  3401  p.6 

e. 

Temperature  of  Ignition 

NOL 

f. 

h. 

RESULTS  OF  ABOVE  TESTS 

Reference  compound 

New  Compound  test  results 

a. 

(daaignatlon-TNr , 

Tetrvl.  32  cm/2.^  ke 

Tetryl,  N.C.,  eto.) 

, 17  cm/2.'?  kg 

b. 

c. 

1.1.  cc/g 

d. 

e. 

220"'C 

f. 

K- 

h. 

4.  Heat  of  formation:  (aH)  + -1^9  Kg.  calories  at  25 1!.,  1 atm.  pressure 

(Indicate  sign) 
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By  Experiment 


By  Calculation 


5.  Energy  of  explosion  (Q) 

(at  25°t'.  H2O  liquid)  

6.  Heat  of  combustion  (He) 

(at  25<^.  H2O  liquid) 

7.  Specific  impulse  (Isp)  calc: 


1826 


cal/gm 

cal/gm 


Method 

on  or  rofo: 
if  nooostnry. 


Dosoription  or  roforonot. 


Sopamio 


1792 


Aero.iet  Report  Mo.  Ul7A 


Ib-sec/lb 


8.  Physical  form  of  compound  (viscous  linuid,  crystalline  type,  etc.)  white,  crystalline  solid 


9.  Simple  microscope  analysis  data:  

(crystal  studies) 

10.  DensityiHacro  method)  1.77  gne/r  m3.  (Micro  or  other  method)  gm/cm3. 

(Exolain  on  separate  sheet  any  unique  methods  you  use.) 

11.  Index  of  refraction:  12.  Color  white  13.  Odor  slight 

14.  oH  at  25°C.  (Method  reference  OSRD  3401  o.4,  or  OSRD  5968.  Indicate  method  used,  i.e, 

solvent  and  concentrations  used.  pH  indicator  naoer  or  Beckman  pH  meter.)  With  Beckman  meter. 


WAVE  NUMSER5  IN  C>^> 


SAMPU 

i,2.i,$.a.n,i$.is.i5-so>KRtt(4 
),  U*4i<ru>(>.  l2*dUi  to-f , e.  11- 
trl«u*p«  ntada  M m 


Svipamlen  In  «UU  Aranl 


BSESmiPl 

XJF.CEU  u^^.mk 

CHEM 

M6 

MG. 

sotv. 

BW 

ISB 

■Si 

m 

SSEHS 

m 

BB' 

lAiKO  ASSOCIATES.  Ii 
CAMMtD«E,  MASS^  U.SA. 


! 
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Under  compatablllty  we  are  conaiderine  the  ability  of  two  compovmds  to  be  in  intimate  contact  (Note 
OSKD  5758  p.  21-22;  over  a long  period  of  time  without  adverse  effects  on  either  the  chemical  or  physical 
nroperties  of  either  material.  These  teats  will  probably  be  of  varied  extent.  They  might  be  same  of 
the  following*  (a)  Standard  stability  testa,  (b)  Slaole  observations  of  exudation  or  separation  at 
ambient  or  accelerated  temperature,  (c)  Prepare  thin  sheeta  (.025"  thick,  1"  aq\iare)  of  the  plasticized 
material.  Separate  the  sheets  with  strios  of  cigarette  paper  or  carbon  paper  and  compress  the  stack  in 
s "C"  clamp.  After  several  days  note  the  oily  collection  on  the  caper.  Please  give  reference  to  or 
describe  procedure  used.  Item  28  is  to  indlcete  results  when  the  compound  is  in  contact  with  some  materi- 
al other  than  ethyl  cellulose,  nitrocellulose  or  rubber. 

25.  Compatability  with  ethyl  cellulose; 


Compatability  with  nitrocellulose: 


27.  Compatability  with  rubber: 


28.  Compatability  with 


Polymerizing  properties  of  the  new  compound: 

(a)  By  itself  

(b)  In  mixtures  (*ith  additives ) HZZIIZIZIIIZZ 

(c)  Inhibiting  action  on  polymerization  of: 

Thiokol  

Methacrylate  

Other  compounds  

Availability 

a.  Amount  now  available?  rssp.arp.h  quant, it 

b.  When  was  available  material  first  prepared? 

c.  Amount  prepared  at  that  time?  

d.  Is  large  production  feasible? 

e.  Plant  capacity  in  existance,  lbs /day? 

f.  Outline  steps  for  a quantity  production  method 


31.  Additional  information:  (toxicity,  hazards,  deterioration,  oxygon  balance,  detonation  rate,  exploeive 

pcmer,  ease  of  hydrolysis  by  water,  etc.  List  references,  reports,  data  books,  etc,  that  refer  to  the 
compound.)  
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Date  Quflstl  onnalre  on 

COMPOUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 

listed  below  are  the  characteristics  vdiich  are  belieTod  to  be  of  importance  in  the  study  of  a conpound 
h Bay  possibly  bo  used  as  a constituent  of  solid  propellants  or  ether  explosiTes.  It  is  not  expected 


as  is  aTai labia  fov  a compouxid  \micxi  you  nave  praparod  ot  testod  on  one  or  msse  loms,  sand  19  «o 
PHOPELLAHT  IHFORMAIION  ACENCT,  APl/JHU,  8621  Georgia  Arenue.  Silver  Soring,  Haryland.  As  additional  inf or- 
mation  on  the  same  or  new  compoundg  accrues,  forward  it  on  a similar  form  at  a later  date,  fhe  information 
submitted  on  these  forms  will  bo  rewritten  and  published  by  SPId  in  loose-leaf  manual  form*  Aese  forms 
may  also  be  used  as  work  or  data  sheets  for  your  experimental  studies*  Xxtra  oooies  are  awallaele  upon 
request  from  SPIA*  Suggestions  for  improvement  of  these  forms  are  invited*  If  insuffielent  space  has  been 
provided  for  any  item,  attach  separate  sheets* 

1,1,1,5,8.8,10,12.12,15.19.19,19- 
COMPOUND:  Tridecanitro  3,l'’’-dioxa-U.  l6-diketo 

Name  5, 10,  l5-triaza-nonadecarre Information  submitted  by. 

Empirical  forrnula  Ui  )|Ri<^Nt^03q  Activity  Aftroi^t-General  Corporation 

Structure: (configuration)  Person  M.B.Frankpl  aTvi  T..T.Gflr1pt.f>n 

Date  _l  NovemberJ^ 


HgCCHjGHjNCOgCHjCCNOj)^ 


f2r  1°2  -I  I°2r  I°2  ? 1 HNO3  far  fa  fa  n 

N—  CHgCGHjCHgNCO  + aHOOHjGCNOg)^ ^ N_  bH2CCH2GH2NC02CH2C(N02i  J ^ N—  GH2CGH2CH2NG02CH2C(N02)  J 

b i a ^ M/-1  2 G , 


1.  Quantitative  analysis:(!(  by  weight) 

Carbon 

Calculated  from  formula  i 
By  determination  19.12 


Hydrogen 
1.82 


Oxygen 


Nitrogen 

25.23 


2.  Burning  properties: (compared  to  nltrocelluloee,  under  nitrogen  at  atmoepheric  preaaura:) 


(faster? aid* 
Stability  and  Sensitivity,  piot  any  grapha 

separate  sheet 


raaldue? etc.) 


Name  of  test 

a.  Impact  Sensitivity 

b.  Thermal  Stability 

c.  Vacuum  Stability 

d.  Temperature  of  Explosion 

e.  Temperature  of  Ignition 


Recommended  method 

L—gmms. 

OSRD  3401  p.8 
L 

OSRD  3401  P.6 


Pleeuss  methods  used  when  they  vary 
fro*  references.  Give  temperature  used. 
(Use  separate  sheet  if  necessary.) 

2.5-kg  weight 

I18  hr  at  10Q(>C 


RESULTS  OF  ABOVE  TESTS 

Reference  compound  New  Compound  test  results 

(dsslgwitlon-Tin',  Tetryl,  N.C.,  etc.) 

a.  Tetrvl,  32  cm/2.5  kg 12  cm/2.5  kg 

h,  

l.h  cc/g 

d. 

e.  217^0 

g.  

h.  


4.  Heat  of  formation:  (aH)  + -130 


Kg.  calories  at  25%.,  1 atm.  pressure 
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I 


By  Experiment 


5.  Energy  of  explosion  (Q) 

(at  25of.  H2O  liquid)  

6.  Heat  of  combustion  (H/.) 

(at  25<^.  H2O  liquid) 

7.  Specific  impulse  (Isp)  calc: 


19^1 


By  Calculation 


cal/gm 

cal/gm 


1859 


Ib-sec/lb 


8.  Physical  form  of  compound(vi8cou3  linuid,  crystalline  type,  etc.) 


Method 

on  or  r«f«; 
if  nooo.iMLTy. 


Dotorl^iion  or  rof^ronco.  Sopnreio 


Aerojet  Report  No.  [tl7A 


9.  Simple  microscope  analysis  data: 
(crystal  studies) 


10.  Density^ Macro  method)  1.76  gm/cm3.  (Micro  or  other  method) 

(NOL) 

11.  Index  of  refraction:  ) 


^m/cm"’.  IMlcro  or  other  metnoo;  

lExolain  on  separate  sheet  any  unique  methods  you  use.) 

12.  Color  13.  Odor 


gm/cm3. 
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21.  Freezing  point  vs.  Time  Curve:  (Please  mark  the  coon^inates  with  scale  values  that  apply  to  the  conpound 

under  study.) 


22.  Solubility  of  new  compound: 

<0.1 g/100  ml  H2O  at  25°C.  g/100  ml  H2O  at t. 

liiO g/100  ml at  25  »C. 

(name  material  used  as  solvent) 

<0.1 g/100  ml  toluene at  25 ®C, 

(name  material  used  as  solvent) 


SAMPLE 

12.1^.15.19.19.  , 
ly.TrliUotnitre  l,17.<lieza  (i.li4 
dlkate  5.10.15.lrlsta>neMi>law 


I Supenslon  In  vhlte  aimral 


FROM  tlae  ■ 1?  sin 


jiiLiiiiiii  II  iii^m 

'ESMRnBS 

HB3 

1^9 

BIB 

BAIRD  ASSOCIATE^  INC. 

CAMBRIDGE.  MASS.,  U JJL. 
ie»-i 
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Under  eompatablllty  we  are  considering  the  ability  of  two  compounds  to  be  in  Intimate  contact  (Note 
OSRD  5758  p.  J1-22J  over  a long  period  of  time  without  adverse  effects  on  either  the  chemical  or  physical 
properties  of  either  material.  These  tests  will  probably  be  of  varied  extent.  They  might  be  soae  of 
the  following:  (a)  Standard  stability  tests,  (b)  Slmnle  observations  of  exudation  or  separation  at 
ambient  or  accelerated  temperature,  (c)  Prepare  thin  sheets  (.025"  thick,  1"  square)  of  the  plasticized 
material.  Separate  the  sheets  with  strloa  of  cigarette  paper  or  carbon  paper  and  compress  the  stack  in 
a "C"  clamp.  After  several  days  note  the  oily  collection  on  the  oaper.  Please  give  reference  to  or 
describe  procedure  used.  Item  28  is  to  indleete  results  when  the  compound  is  in  contact  with  aoaie  materi- 
al other  than  ethyl  cellulose,  nitrocellulose  or  rubber. 


25.  Compatability  with  ethyl  cellulose: 


26.  Compatability  with  nitrocellulose: 


27.  Compatability  with  rubber: 


28.  Compatability  with 


29.  Polymerizing  properties  of  the  new  compound: 

(a)  By  itself  

(b)  In  mixhires  (»ith  additives)  ZIZZIZIZZIZZZZZII 

(c)  Inhibiting  action  on  polymerization  of: 

Thiokol  

Methacrylate  

Other  compounds  

30.  Availability 

a.  Amount  now  available  ? 

b.  When  was  available  material  first  prepared? 

c.  Amount  prepared  at  that  time ? 

d.  Is  large  production  feasible? 

e.  Plant  capacity  in  existance,  lbs /day? 

f.  Outline  steps  for  a quantity  production  method  


31.  Additional  information:  (toxicity,  hazsihds,  deterlorstion,  oxygen  balance,  detonation  rate,  exploelve 

power,  ease  of  hydrolysis  by  water,  etc.  List  referencea,  reports,  data  books,  etc,  that  refer  to  the 
coapound.)  

-GalcuJ.at.ftd  1 sad-bl  ock-  valua  = 16k) 

value  ■ 
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Date  Quest jonnalre  on 

COMPOUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 


Listed  below  are  the  characteristics  idiich  are  belisTsd  to  be  of  importance  in  the  study  of  a compound 
which  nay  possibly  be  used  as  a constituent  of  solid  propellants  or  other  explosires.  It  is  not  expected 
that  all  this  inforaation  will  be  available  for  sTery  compound.  For  exaaple,  with  a conpovind  showinx  poor 
stabilil^,  it  is  probably  not  aulTisable  to  investigate  that  oonpound  farther.  After  placing  such  inzomation 
as  is  available  for  a oonpound  v^ich  you  have  prepared  or  tested  on  one  of  these  foms,  send  it  to  SOLID 
FBOFBLLAST  INK^BMATION  AGMcT,  AFI/jHU,  8621  Georgia  Avenxie,  Silver  Soring,  Hazyland.  As  additional  infor* 
nation  on  the  same  or  new  compounds  accrues,  forward  it  on  a sinilar  fom  at  a later  date.  The  information 
submitted  on  these  forms  will  be  rewritten  and  published  by  3PIA  in  loose-leaf  manual  form.  These  forms 
may  also  be  used  as  work  or  data  sheets  for  your  ezperinent2Q  studies.  Extra  conies  are  available  upon 
request  from  SPIA.  Suggestions  for  ii^rovement  of  these  foms  are  invited.  If  insufficient  spaoe  has  been 
provided  for  any  item,  attach  separate  sheets. 


COMPOUND:  2, 2, 5 » 9» 9>  13.  l6,  l6-Octanitro-5 , 13-diaza- 

Name  6. 12-dikfito--7. 11-dioxa-hfiptadecane  Information  submitted  by. 

Gt  :>H^ftNTnO>)n Activity  Aero.iet-General  Corporation 

Person  M.B.Frankral  and  L.T.Carlaton 


Empirical  formula  

Structure:  (conflguretlon) 


N0„ 
I 2 
C. 

I 

NO, 


NO^ 


HjOCNCHjCH^CCHj 

N0„ 


Date  1 November  19^3 


N0„ 


f2 

2OH3CCH2GH2HCO  ■ 
NOj 


1.  Quantitative  analysis:(!(  by  weight) 

Carbon 

Calculated  from  formula  2k. 6l 
By  determination  2)i.7fl 


?°2 

. C. 

I 

NO2 


OH 

II' 


NO. 

I 2-1 


CH2OCNCH2CH2CCHJ 
N0„  ^ 


HNO,  ^°2  r 
^ C—  C 


°'|’°2  'j'°2 

CH,0CNCH2GH2CCH 


Hydrogen 
2.86 
2.9C 


Oxygen 


Nitrogen 
22.08 
21.87 


2.  Burning  properties: (compared  to  nltroeelluloee,  under  nitrogen  at  atmoepherio  preaaurei) 


tfaatar?  slower?  residua?  etc.) 


8.  Stability  and  Sensitivity:  Plot  any  grapha  on 

separate  sheet 


Name  of  test 

a.  Impact  Sensitivity 

b.  Thermal  Stability 

c.  Vacuum  Stability 

d.  Temperatiu-e  of  Explosion 

e.  Temperature  of  Ignition 


NOL 

NOL 

NOL 


Recommended  method 

Tsmsom 


OSRD  3401  p.8 
06BIX1MKPS 
OSRD  3401  p.6 

OBfflxixoKioeac 


Piacuaa  methods  used  when  they  vary 
from  references.  Give  temperature  uaed. 
(Use  separate  sheet  if  necessary.) 

2.^-lcg  weight 

k8  hr  at  100^0 


h. 


a. 

b. 

c. 

d. 

e. 

f. 
K. 
h. 


Reference  compound_ 


RESULTS  OF  ABOVE  TESTS 


(dsslgnstlon-TOT,  Tetryl,  N.C.,  etc.) 

Tetryl,  32  cm/2.'?  kg 


New  Compound  test  results 

137  c'ai/2A  kg 

1.1  cc/g 

232^0  ' ~ 


Heat  of  formatioo:  (aH)  + ~2)i)i  Kg.  calories  at  2bt).,  1 atm.  pressure 

(indicate  sign) 
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By  Experiment 


By  Calculation 


2gll 


cal/gm 

cal/gm 


Method 

OA  Or  r«fo3 
if  noootSAry. 


DoteriptioA  or  roforoaot. 
•hoot  ‘ ■ 


2^27 


Aero  .jet  Report  No.  Ul7A 


5.  Energy  of  explosion  (O) 

(at  250f'.  H2O  liquid)  

6.  Heat  of  combustion  (HJ 

(at  25®n.  K2O  liquid) 

7.  Specific  impulse  (Isp)  calc: 

8.  Physical  form  of  compound (vlacous  linuid,  crystalline  type,  etc.)  white « crystalline  solid 


Sapaxat* 


Ib-sec/lb 


9.  Simple  microscope  analysis  data: 

(crystal  studies) 


10.  DensityiHacro  method)  1.66  (Micro  or  other  method)  gm/cm3. 

(NOL)  (Ihcolaln  on  separate  sheet  any  unique  methods  you  use.) 

11.  Index  of  refraction:  (nj^'*^' ) 


12.  Color  white 


13.  Odor 


none 


14.  pH  at  25°C.  (Method  reference  OSRD  3401  o,4,  or  OSRD  5968.  Indicate  me^thod  used,  l.e. 

solvent  and  concentrations  used.  pH  indicator  neoer  or  Beckman  jfl  neter.)  With  Beckman  meter. 

O.OlU  M in  acetone /water  (5/l  volume  ratio) 


15.  Hygroscopicity. 


le. 


New  Compound 


Visible  change  on  exposure 

to  ambient  air.  

% wt  Increase  by*  (a)  or  (b) 

(strike  out  method  (a)  or  (b)  If  not  used.) 

♦Method: 


Reference 

Compound 


( designation  ) 


(Tf  other  than  below  methods  are  used, 
explain  on  separate  sheet.) 


(a)  The  sample  (approx.  5-10  g.  of  whole  grain  small  powder  or  1 groin  of  large  powder)  is  placed  in  a 
glass  weighing  bottle.  The  weighing  bottle  (cover  removed)  is  placed  in  a vacuum  drying  oven  for  5 hra. 
t 55°0.  Remove  weighing  bottle  from  oven,  cover  with  glass  stopner,  cool  in  a desiccator  and  weigh 
accurately.  This  is  taken  as  original  dry  weight  of  sample.  Then  place  weighing  bottle  (cover  removed) 
in  a humidor  (a  10-ln.  desiccator  la  a satisfactory  veaael) ’containing  1 liter  of  18.6i.5il  H2SO1. 

(This  gives  relative  hximidlty  90i.25/f).  Place  in  an  oven  maintained  at  30i2°C.  On  the  fourth  day 
remove  weighing  bottle  from  the  humidor,  cover  with  glass  stopner,  cool  in  a desiccator  and  weigh. 

Then  return  to  humidor  for  24  hours,  cool  and  reweigh.  Continue  dally  weighings  until  constant  wel^t 
indicates  sample  has  reached  equlllbriiui  with  90%  R.H.  The  % weight  increase  is  then  reported  as 
hygroscopicity  of  the  sample. 

(b)  An  alternate  method  is  in  OSRD  3401  p.3. 

Volatility: Report  as  rate  of  loss  in  wt  % per  unit  area  (for  liquid  samples  measure  the  surface  areat  for 
solids,  the  sample  should  be  screened  between  100-120  mesh  tl.S.  Standard  certified  sieve)  per  4 hra. 
after  constant  rate  of  loss  is  obtained  during  three  consecutive  4-hr.  periods  at  (a)  25*^  in  a vessel 
thrwgh  which  a stream  of  dry  air  is  forced,  (b)  in  an  oven  at  65.5°C  or  (c)  under  other  test  method  or 
conditions.  


(Description  or  reference  to  other  test  or  conditions  used.  Use  separate  sheet  if  uTCessary.)' 

Volatility  results  on:  New  Compound  Reference  Compound 


a. 

b. 

c. 


ideslgnatlon) 


a. 

b. 

c. 


17.  Boiling  point,  or  decomposition  temperature: 

(underline  which  temperature  is  reported) 


18.  Heat  of  Vaporization: 

19.  Heat  of  Fusicni: 


, g-cal./gm 
g-cal./gm 


. BTU/lb. 

BTU/lb. 


20.  Melting  point  117-116  X. 

Decreasing  slowly. 
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Under  compatabdllty  we  ere  considering  the  ability  of*  two  ccmpounds  to  be  in  intimate  contact  (Note 
OSRD  5758  p.  21-22)  over  a long  period  of  tine  without  adverse  effects  on  either  the  chemical  or  physical 
oroperties  of  either  material.  These  tests  will  probably  be  of  varied  extent.  They  might  be  acne  of 
the  followings  (a)  Standard  stability  teste,  (b)  Slanle  observations  of  exudation  or  separation  at 
ambient  or  accelerated  temperature,  (c)  Prepare  thin  sheets  (.025*  thick,  1"  square)  of  the  plasticized 
material.  Separate  the  sheets  with  strlos  of  cigarette  paper  or  carbon  paper  and  compress  the  stack  in 
a *0"  clamp.  After  several  days  note  the  oily  collection  on  the  oaper.  Please  give  reference  to  or 
describe  procedure  used.  Item  28  is  to  Indlcete  results  when  the  compound  is  in  contact  with  aorae  materi- 
al other  than  ethyl  cellulose,  nitrocellulose  or  rubber. 


25.  Compatability  with  ethyl  cellulose: 


26.  Compatability  with  nitrocellulose: 


27.  Compatability  with  rubber: 


28.  Compatability  with 


29.  Polymerizing  properties  of  the  new  compound: 

(a)  By  itself  

(b)  In  mixt\u*es  (with  additives)  ' 

(c)  Inhibiting  action  on  polymerization  of: 

Thiokol  

Methacrylate  

Other  compounds  

30.  Availability 

a.  Amount  now  available  ? research  quantities 

b.  When  was  available  material  first  prepared?  

c.  Amount  prepared  at  that  time?  

d.  Is  large  prcductlon  feasible  ? 

e.  Plant  capacity  in  existance,  lbs /day? 

f.  Outline  steps  for  a quantity  production  method  


31.  Additional  information:  (toxicity,  hszafds,  deterioration,  oxygen  balance,  detonation  rete,  explosive 

power,  ease  of  hydrolysis  by  water,  etc.  List  references,  reports,  data  books,  etc.  that  refer  to  the 
compound . ) 
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Pate  Questionnaire  on 

COMPOUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 


Listed  below  are  the  characteristics  idiich  are  belieTed  to  be  of  importance  in  the  etudy  of  a compound 
\diich  ma^  possibly  be  used  as  a constituent  of  solid  propellants  or  other  explosires.  It  is  not  expected 
that  all  this  information  will  be  ayaiilable  for  erery  compound.  For  example,  with  a compound  showing  poor 
stability,  it  is  prol^bly  not  adrisable  to  investigate  that  compound  farther.  After  placing  such  information 
as  is  available  for  a compound  vdiich  vou  have  prepared  or  tested  on  one  of  these  forms,  send  it  to  SOLIS 
PHOPKLLAST  INFOHMATION  AOENCT,  APl/jHiJ,  8621  Georgia  Avenue,  Silver  Soring,  Maryland.  As  additional  infor- 
mation on  the  sane  or  new  compounds  accrues,  forvurd  it  on  a similar  form  at  a later  data.  The  information 
subsetted  on  these  forms  will  be  rewritten  and  published  by  SPIA  in  loose-leaf  manual  form.  These  forms 
may  also  be  used  as  work  or  data  sheets  for  your  experimental  studies.  Extra  copies  are  available  upon 
request  from  SPIA.  Suggestions  for  improvement  of  these  forms  are  invited.  If  insufficient  space  has  been 
provided  for  any  item,  attach  separate  sheets. 


COMPOUND:!,,  1, 1,^,  3, 11,  l!i,  l8,l3,  l8-Decanitro-3, 16- 


Name  diQxa-)i.  1^-di.kfito-^ . 8.  ll..Lij^tgtpa.za-  Information  submitted  by. 

Empirical  formula  octadecane  ^12^l6^lU^2U  Activity  Aftroift t.-Osnsra  1 Cnrpnrat.i  nn 
Structure: (configuration)  Person  M.B.Frankel  and  L.TlCarlflton 

1 NnvomKc»T»  


NO, 

jcHgNcI 


f2 

.NCHjCHjNOOgCHjCCNOji 


NO- 

r I 2 -j 

|CH,HCH,CH,NCO 

L J2 


2H0CH2C(N02J3- 


r ? n HNO,  r r2  f2 

jCHgNCKjCHjNCOjCHgClNOg)^  2_>|ch^NCH2CH2NC02CH2C( NO^)^ 


1.  Quantitative  analysis:()(  by  weight) 

Carbon 

Calculated  from  formula  19.1i7 
By  determination 


Hydrogen 

2.18 

.■■.2.29 


Oxygen 


Nitrogen 

26.  U9 
2‘^.78 


2.  Burning  properties: (compared  to  nitrocellulose,  under  nitrogen  st  atmoepheric  pressursi) 


(faster?  slower?  residue?  etc.) 


S.  Stability  and  Sensitivity;  Plot  any  graphs  on 

separata  sheet 


Name  of  test 

a.  Impact  Sensitivity 

b.  Thermal  Stability 

c.  Vacuum  Stability 

d.  Temperature  of  Explosion 

e.  Temperature  of  Ignition 

f.  

g-  

h. 


Recommended  method 
NOL  XfiBDGOSfiC 
OSRD  3401  p.8 

NOL 

OSRD  3401  p.6 

NOL  <mscsm^ 


Discuss  methods  used  when  they  vary 
frcm  references.  Give  temperature  used. 
(Use  separate  sheet  If  necessary.) 

2,‘?-kg  weight 


hS  hr  at  100^ 


Reference  compound  

(dsBignstlon-T»r,  Tstryl,  N.C.,  etc.) 

a.  Tetryl,  32  cm/2.‘?  kg 

b.  

c. 

d.  ZZZZZZZZZIZZZZIZIIZIZZZZ 

e. 

f.  ' 

g- 

h.  ~~~~ 


RESULTS  OF  ABOVE  TESTS 


New  Compound  test  results 

20  cm/2.^  kg 

22.5. cc/g 
213^0 


4.  Heat  of  formation:  (aH)  + -190 

(indles'tts  sign) 


Kg.  calories  at  2&t:.,  1 atm.  pressure 


Page  53 
Appendix 


CCMJFIDENTIAL 


Report  No,  770 

SP1A/M3 


By  Experiment  By  Calculation 

5.  Energy  of  explosion  (Q)  cal/gm 

(at  250f.  H2O  liquid)  

6.  Heat  of  combustion  (H-)  2006 cal/gm  2086 

(at  2500.  H2O  liquid) 

7.  Specific  impulse  (Igp)  calc:  Ib-sec/lb 


Method 

Description  or  rsfsronos.  Stparnis 
shoot  if  nooossnry. 


Aero, let  Report  No,  lil7A 


8.  Physical  form  of  compound (viacous  llnuid,  crystalline  type,  etc.)  white, crystalline  solid 


9.  Simple  microscope  analysis  data:  

(crystal  studies) 

10.  DensityiMaoro  method)  1,78  gm/cm3.  (Micro  or  other  method)  gm/cm3. 

(NOL)  (ibcolain  on  separate  sheet  any  unique  methods  you  use.) 

11.  Index  of  refraction:  (nc^°°*  ) 12.  Color  white 13.  Odor  none . 

14.  pH  at  25°C.  2.)i  (Method  reference  OSHD  3401  0.4,  or  OSRD  5968.  Indicate  jiethod  used,  l.e, 

solvent  and  concentrations  used.  pH  indicator  naoer  or  Beckman  pH  meter.)  With  Beckman  MB  ter# 

0,00^8  M in  acetone/water  (^/l  volume  ratio). 


15.  Hygroscopiclty: 

New  Compound 

Visible  change  on  exposure 

to  ambient  air.  

% wt  Increase  by*  (a)  or  (b) 

(strike  out  method  (a)  or  (b)  If  not  used.) 

♦Method: 


Reference 

Compound 

{ designation  ) 


(If  other  than  below  methods  are  used, 
explain  on  separate  sheet.) 


(a)  The  aampla  (approx.  5-10  g.  of  whole  grain  small  poader  or  1 groin  of  large  pcwder)  ia  placed  in  a 
glass  weighing  bottle.  The  weighing  bottle  (cover  removed)  is  placed  in  a vacuum  drying  oven  for  5 hra, 
• 55®^.  Remove  weighing  bottle  from  oven,  cover  with  glass  stopper,  cool  in  s desiccator  end  weigh 
accurately,  Thla  ia  taken  ea  original  dry  weight  of  sample.  Then  place  weighing  bottle  (cover  removed) 
in  a humidor  (a  10-ln.  deaiccator  la  a aatlsfactory  veoael) 'containing  1 liter  of  18.6 -.551  H2SO/. 

(This  gives  relative  humidity  90i.255().  Place  in  an  oven  maintained  at  30-2°C,  On  the  fourth  day 
remove  weighing  bottle  from  the  humidor,  cover  with  glasa  stopper,  cool  in  a deaiccator  and  weigh. 

Then  return  to  humidor  for  24  hours,  cool  and  reweigh.  Continue  dally  welghlnga  until  constant  weight 
Indicates  sample  has  reached  equilibrium  with  90)t  R.H.  The  5(  weight  increase  is  then  reported  aa 
hygroscopiclty  of  the  sample. 


(b)  An  alternate  method  ia  in  OSRD  3401  p,3. 


16.  Vol&tillty: Report  aa  rate  of  loss  In  wt  % per  unit  aree  (for  liquid  samples  measure  the  surface  area}'  for 
solids,  the  sample  should  be  screened  between  100-120  mesh  U.S.  Standard  certified  sieve)  per  4 hra., 
after  constant  rate  of  lots  la  obtained  during  three  conaecutlva  4-hr.  periods  at  (a)  25*\:  in  a vassal 
through  which  a stream  of  dry  air  ia  forced,  (b)  in  an  oven  at  65.5°C  or  (c)  under  other  test  method  or 
conditions . 


(Description  or  referenoe  to  other  test  or  conditions  used.  Use  separate  sheet  if  necessary.) 

Volatility  results  on:  New  Compound  Reference  Compoimd 

(designation) 

a.  a. 

b.  b.  """ 

c.  c. 


17.  Boiling  point,  or  decomposition  temperature:  °C. 

(underline  which  tamparatura  la  reported)  ' 

18,  Heat  of  Vaporization:  g-cal./gm  BTU/lb. 

19.  Heat  of  Fusion:  g-cal./gm  BTU/lb. 

20,  Melting  point  127-128  t. 

Page 

Appendix 


Report  No.  770 

CONFIDENTIAL  SPIA/1M3 

21.  Freezing  point  vs.  Time  Curve:  (Please  mark  the  eooriUnatea  with  acale  values  that  apply  to  the  compound 

under  study.) 


0 

> 

UJ 

q: 

z> 

1- 

< 

(T 

111 

■ 

■ 

■ 

■ 

■ 

■ 

Q. 

h- 

TIME 


22.  Solubility  of  new  compound: 

./Q.l g/100  ml  H2O  at  25°C.  g/100  ml  H2O  at t. 

28 g/100  ml  acetone at  2*? *C. 

(name  material  used  as  solvent) 

Qjj g/100  ml  tsiuaxe , *c. 

(nans  material  used  as  solvent) 
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Under  compatabllity  we  are  considering  the  ability  of  two  compounds  to  be  in  Intimate  contact  (Note 
OSRD  5758  p,  Pl-22)  over  a long  period  of  time  without  adverse  effects  on  either  the  chemical  or  physical 
oroperties  of  either  material.  These  teste  will  probably  be  of  varied  extent.  They  might  be  some  of 
the  following!  (a)  Standard  stability  tests,  (b)  Slaole  observations  of  exudation  or  separation  at 
ambient  or  accelerated  temperature,  (c)  Prepare  thin  sheets  (.025"  thick,  1"  square)  of  the  plasticized 
material.  Separate  the  sheets  with  strloa  of  cigarette  paper  or  carbon  paper  and  compress  the  stack  in 
a "0"  clamp.  After  several  days  note  the  oily  collection  on  the  oaper.  Please  give  reference  to  or 
describe  procedure  used.  Item  28  is  to  Indlcete  results  when  the  compound  is  in  contact  with  some  materi- 
al other  than  ethyl  cellulose,  nitrocellulose  or  rubber. 


25.  Compatabllity  with  ethyl  cellulose: 


26.  Compatabllity  with  nitrocellulose: 


27.  Compatabllity  with  rubber: 


2B.  Compatabllity  wlth 


29. 


Polymerizing  properties  of  the  new  compound: 

(a)  By  itself  

(b)  In  mixtures  (with  additives) 

(c)  Inhibiting  action  on  polymerization  of: 

Thiokol 


Methacrylate 


30. 


Other  compoimds 

Availability 

a.  Amount  now  available  ? 


b, 

c, 

d, 

e, 

f, 


research  quantities 


When  was  available  material  first  prepared? 

Amount  prepared  at  that  time  ? 

Is  large  production  feasible  ? 


Plant  capacity  in  existance,  lbs /day? 

Outline  steps  for  a quantity  production  method 


31.  Additional  information:  (toxicity,  hazards,  deterioration,  oxygen  balance,  detonation  rate,  exploalve 

power,  ease  of  hydrolysis  by  water,  etc.  List  references,  reports,  data  books,  etc.  that  refer  to  the 
compound.)  
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Date  Quast] onnaire  on 

COMPOUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 


Listed  below  are  the  characteristics  idtich  are  beliered  to  be  of  importance  in  the  etudjr  of  a compound 
which  majr  possibly  be  used  as  a constituent  of  solid  propellants  or  other  exploslres.  It  is  not  expected 
that  all  this  information  will  be  available  for  every  compound.  For  example,  with  a compound  showing  poor 
stability,  it  Is  probably  not  advisable  to  investigate  that  compound  farther.  After  placing  such  inzonsation 
as  is  available  for  a compound  which  you  have  prepared  or  tested  on  one  of  these  forms,  send  it  to  SOLIS 
PROPELLAOT  IHFORMATION  AGENCY,  APl/JBU,  8621  Georgia  Avenue,  Silver  Soring,  Maryland.  As  additional  infor- 
fflation  on  the  same  or  new  compounds  accrues » forward  it  on  a similar  zom  at  a jLater  datOe  The  information 
submitted  on  these  forms  will  be  rewritten  and  published  by  SPIA  in  loose-leaf  manual  form,  ^ese  forms 
nay  also  be  used  as  work  or  data  sheets  for  your  experimental  studies.  Extra  conies  are  available  upon 
request  from  SPIA.  Suggestions  for  improvement  of  these  forms  are  invited.  If  Insufficient  i^aoe  has  been 
provided  for  any  item,  attach  separata  sheets. 


COMPOUND:!,  1,1, 5-Tetranitro  3-oxa  U-keto 

Name  g-aaarhaolane- 
Qula 


Empirical  for  mi 

Structure:  (configuration) 


^2 

GH^CHjNCOjCHjCCNOj)^ 


CHjCHgNCO  * HOCHjCCNOg)^ ^ CH^CHjNCOjCHjCOWg)^ 


Information  submitted  by: 

Activity  Aerojet-General  Corporation 
Person  M.B.Frankel  and  L.T.Carleton 
Date  1 November  19^^  3 


HNO, 


,3  f2 

^ CHjCHjNCOgCH jC (NO^ ) 3 


1. 


Quantitative  analysis:()(  by  weight) 

Carbon 

Calculated  from  formula  20.21 
By  determination  20. 


Hydrogen 
2.38 
2. Oh 


Oxygen 


Nitrogen 

23.?7 

23.68 


2.  Burning  properties: (compared  to  nltrocellulooe,  under  nitrogen  et  atmoepherlc  pressurei) 


(faster?  slower?  residue?  etc.) 


9.  Stability  and  Sensitivity:  Plot  any  graphs  on 

separate  sheet 


Name  of  test 

a.  Impact  Sensitivity 

b.  Thermal  Stability 

c.  Vacuum  Stability 

d.  Temperature  of  Explosion 

e.  Temperature  of  Ignition 

f.  

E.  

h. 


NOL 

NOL 

NOL 


Recommended  method 
OBBDGSJSSl 
OSRD  3401  p.8 

csraxMsiqua 

OSRD  3401  p.6 


Plscuss  methods  used  when  they  vary 
from  references.  Give  temperetxire  used. 
(Use  separate  sheet  if  necessary.) 

2.6-kg  vreight 


li8.  hr.  at  IQQ^C 


Reference  compound_ 


RESULTS  OF  ABOVE  TESTS 


(deslgnatlon-TW,  Tetryl,  N.C.,  etc.) 

a.  Tetrvl.  32  cm/2.^  kg 

to. 

c. 

d.  ' 

e. 

f.  

g.  

h. 


New  Compound  test  results 

19  cra/2.^  kg 

28. h cc/g 

23^^U  ~~ 


Heat  of  formatioo:  (aH)  + -106  Kg.  calories  at  25%.,  1 atm.  pressure 

Undleate  sign) 
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5. 

By  Experiment 

Energy  of  explosion  (Q) 

By  Calculation 

cal/gm 

Method 

PetOTlption  or  roforoao*.  Soparato 
sbooi  If  noooMary. 

6. 

(at  2500.  HjO  liquid) 

Heat  of  combustion  (H,.)  2031 

cal/gm 

2032 

Aeroiet  Renort  No.  Iil7A 

7. 

(at  2500*  HjO  liquid) 
Specific  impulse  (I,<^n)  calc: 

Ib-sec/lb 

8.  Physical  form  of  compound (viacous  llnuld,  crystalline  type,  etc.)  crystialliiie > white  platss 


9.  Simple  microscope  analysis  data:  

(crystal  studies) 

10.  DensityiHacro  method)  1,69  gm/cm^.  

(NOL)  r&rolaln  on  separate  sheet  any  unique  methods  you  use.) 

11.  Index  of  refraction:  ) 12.  Color  white  13.  Odor  


(Micro  or  other  method) 


gm/cm3. 

-.nQiie-- 


14.  pH  at  25°C.  3.9*  (Method  reference  OSRD  3401  o.4,  or  OSRD  5968.  Indicate  method  used,  l.e, 

solvent  and  concentrations  used.  pH  indicator  naoer  or  Beckman  pH  meter.)  With  Beckman 

mater.  0.03  M in  acetone /water  (‘?/l  volume  ratio) 


250  300  350 

A>  up 

Ultraviolet  Absorption  Spectrum  of  l»l,l,5-Tetranitro-3-oxa 
li-keto-^-aza-heptane 


Decreasing 
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21.  Freezing  point  vs.  Time  Curve:  (Please  mark  tha  coordinates  with  scale  values  that  apply  to  the  compound 

under  study.) 


d 

0 

(Jj 

<r 

3 
H- 
<I 
(T 
1 ■ 1 

1 

■ 

■ 

■ 

■ 

■ 

■ 
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■ 

O. 

2 
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■ 

1- 





TIME 


22.  Solubility  of  new  compound: 


<0.1 

310 

65 


k/100  ml  HpO  at  25°C. 

g/100  ml  H2O  at  _ 

g/100  ml 

acetone 

at 

25 

*c. 

(name  material  used  as  solvent) 

toluene 

at 

25 

"c. 

(name  material  used  as  solvent) 

I.  It  SKCTROPHOTOMETEft 
Nag  PRISM 


■SAMPLE 
li.Z.l.S-Tatranltra 


Saapanded  in  vhlu  alnsrsl 


i^B3 

mm\ 

BS3 

IHi 

Hi 

BS 

■ 

■9 

H9| 

WA\^  NUMKRS  IN  CM-' 

3000  2S00  2000  1500  1400  1300  1200  1100  1000 


WAVE  NUMIERS  IN  CM-< 


CAMf  tIME,  MASS.,  U.S  A. 


WAVE  LENGTH  IN  MICRONS 
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Under  eompatablllty  we  are  considering  the  ability  of  two  compounds  to  be  in  intimate  contact  (Note 
OSRD  5758  p,  ?l-22)  over  a long  period  of  tine  without  adverse  effects  on  either  the  chemical  or  physical 
oropertias  of  either  material.  These  testa  will  probably  be  of  varied  extent.  They  might  be  some  of 
the  followlngi  (a)  Standard  stabllHy  teste,  (b)  Simple  observations  of  exudation  or  separation  at 
ambient  or  accelerated  temperature,  (c)  Prepare  thin  sheets  (.025"  thick,  1"  square)  of  the  plasticized 
material.  Separate  the  sheets  with  strips  of  cigarette  paper  or  carbon  paper  and  compress  the  stack  in 
a "C"  clamp.  After  several  days  note  the  oily  collection  on  the  neper.  Please  give  reference  to  or 
describe  procedure  used.  Item  28  is  to  indlcete  results  when  the  compound  is  in  contact  with  some  materi- 
al other  than  ethyl  cellulose,  nitrocellulose  or  nibber. 


25.  Compatability  with  ethyl  cellulose: 


26.  Compatability  with  nitrocellulose; 


27.  Compatability  with  rubber: 


28.  Compatability  with 


29.  Polymerizing  properties  of  the  new  compound: 

(a)  By  itself  

(b)  In  mixtures  (’•ith  additives)  

(c)  Inhibiting  action  on  polymerization  of: 

Thiokol  

Methacrylate  

Other  compounds  

30.  Availability 

a.  Amount  now  available?  resear nh  qua nt.i  t.i  bs 

b.  When  was  available  material  first  prepared  ? 

c.  Amount  prepared  at  that  time?  

d.  Is  large  production  feasible  ? 

e.  Plant  capacity  in  exlstance,  lbs /day? 

f.  Outline  steps  for  a quantity  production  method  


31,  Additional  information:  (toxicity,  hazards,  deterioration,  oxygen  balance,  detonation  rate,  explosive 

power,  ease  of  hydrolysis  by  water,  etc.  List  references,  reports,  data  books,  etc,  that  refer  to  the 
compound.)  
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Data  Quaatl onnalre  on 

COMPOUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 


Listed  below  are  the  characteristics  tdiich  are  belloTed  to  be  of  importance  in  the  studj  of  a conpound 
idiloh  saor  possibly  be  used  as  a constituent  of  solid  propellants  or  other  cxplosiTes.  It  is  not  expected 
that  all  this  inforsiation  will  be  arailable  for  OTory  conpound.  For  exanple,  with  a conpound  showin*  poor 
stability,  it  Is  probably  not  adrlsable  to  investigate  that  compound  farther.  After  placing  such  information 
as  is  available  for  a compound  v^ich  you  have  prepared  or  tested  on  one  of  these  forms,  send  it  to  SOLID 
PBOPELLAHT  ISTOHMATION  AOENCY,  API/JHU,  8621  Georgia  Aveme,  Silver  Soring,  Maryl^.  As  additional  infor- 
mation on  the  sane  or  new  compounds  accrues,  forward  it  on  a similar  lom  at  a later  date.  The  information 
submitted  on  these  forms  will  bo  rewritten  and  published  by  SPIA  in  loose-leaf  manual  form,  ^ese  forms 
may  also  be  used  as  worlc  or  data  sheets  for  your  experimental  studies.  Xxtra  copies  are  available  upon 
request  from  SPIA.  Suggestions  for  li^>rovement  of  these  forms  are  Invited.  If  insufficient  space  has  been 
provided  for  axvy  item,  attach  separate  sheets. 


COMPOUND:  N,  N ' -Dinitro-N, N ’ -bis(  3 , 3-Dinitrobutyl) 


Name  Qxandde 


Empirical  formula  

Structure:  (eonflguratlon) 


giqHi)|N8QiI; 


N0„  N0„0. 

: 2 1 2|i  1 

iCCHjCHgN— G 

NO,  J 

2 

NOg 

r° 

«] 

^ N0_  HO 

r '2  III* 

1CCH2CH2NH2  + 

AfA 

^00 

Et  — 
J 2 

pH^CCHgCH^NC 

1 MA 

Information  submitted  by: 

Activity  Aftro-}fit-General  Corporation 
Person  M.B.Frankel  and  L.T.Carleton 
1 Novambfir  19*^3 


HNO 


Quantitative  analysis:()t  by  weight) 

Carbon 

Calculated  from  formula  2^  .'oii 
By  determination 


Hydrogen 

3.00 




Oxygen 


r i°2  i°2° 

PH^CCHjCHgN— C 
HOj 


Nitrogen 

23.83 


2.  Burning  properties: (compered  to  nitrocelluloee,  under  nitrogen  et  atmoepherlc  pressure*) 


(faster?  slower^  residue?  etc.) 


3. 


Stability  and  Sensitivity:  Plot  any  gra{*s  on 

separate  ebeet 


Dlecuss  methods  used  when  they  vary 
from  references.  Give  temperature  used. 
(Use  separate  sheet  if  necessary.) 


Name  of  test 


Recommended  method 


a. 

Impact  Sensitivity 

OSRD  3185 

b. 

Thermal  Stability 

OSRD  3401  p.8 

c. 

Vacuum  Stability 

OSRD  3401  p.lO 

d. 

Temperature  of  Explosion 

OSRD  3401  p.6 

e. 

f. 

Temperature  of  Ignition 

OSRD  3401  p.6 

g> 

h. 

Reference  compound_ 


RESULTS  OF  ABOVE  TESTS 


(deslgnatlon-TUT,  Tetryl,  N.C.,  etc.) 


New  Compound  test  results 


a. 

h. 

c. 

d. 

e. 

f. 

h. 


4.  Heat  of  formation:  (aH)  + Kg.  calories  at  25 1 atm.  pressure 

(indicate  sign) 
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By  Experiment 


By  Calculation 


2708 


cal/gm 

cai/gm 


Method 

on  or 
if  nooosMury. 


Doiorl^tlon  or  rof^ronoo.  Sop&mto 


2773 


Aero.iet  Reoort  No.  Ul7A 


5.  Energy  of  explosion  (Q) 

(at  25of.  H2O  liquid)  

6.  Heat  of  combustion  (He) 

(at  250n.  H2O  liquid) 

7.  Specific  impulse  (Igp)  calc: 

8.  Physical  form  of  compound (viacous  linuid,  cryatalline  type,  etc.)  flat  white  crystals 


Ib-sec/lb 


9.  Simple  microscope  analysis  data:  

(crystal  studies) 

10.  DensityiHacro  method)  ^m/cm^.  (Micro  or  other  method)  gm/cm3. 

(&colaln  on  separate  sheet  any  unique  methoda  you  use.) 

11.  Index  of  refraction:  ) 12.  Color  white  13.  Odor  none 


14.  pH  at  25t.  (Method  reference  OSBD  3401  0.4,  or  OSRD  5968.  Indicate  method  uaed,  i.e. 

advent  and  concentrations  used.  pH  indicator  neoer  or  Beckman  pH  meter.)  With  Beckinan  ph 

meter.  O.QQii  M in  acetone /water  (^/l  volume  ratio) 
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21.  Freezing  point  vs.  Time  Curve:  (Please  nark  the  eoordinatsa  with  scale  values  that  apply  to  the  conpound 

under  study.) 


d 

B 

UJ 

cr 

10 
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< 

cr 

III 

■ 

■ 

■ 

■ 

■ 

■ 

CL 

S 

■ 

■ 

■ 

»- 

TIME 


22.  Solubility  of  new  compound: 


co.l g/100  ml  H2O  at  25°C. 


g/100  ml  H2O  at 


U6 


0.3 


g/100  ml_^ anpt.nnp ^ 

(name  material  used  as  solvent) 

ml  , toliiem 

(name  material  used  as  solvent) 


at 21 

at__2i 


“C. 


SAMPLE 

n^trebutyl)  « 

liwpiBlsd  la 

(1)  naereloba.  2-7.7  |t 

(2)  IhlU  alntnl  oil  7.1£ 

SOM  TIm  - 12  ala 


ESS 

Me. 

Me. 

ESS 

m 

m 

m 

SSSEB9 
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Under  eompatabi llty  we  are  considering  the  ability  of  two  compounds  to  be  in  intimate  contact  (Note 
DSHD  5758  p.  21-22)  over  a long  period  of  tine  without  adverse  effects  on  either  the  chemical  or  physical 
uroperties  of  either  material.  These  testa  will  nrobably  be  of  varied  ertent.  They  might  be  acne  of 
the  followlngi  (a)  Standard  stability  testa,  (b)  Slaole  observations  of  exudation  or  separation  at 
ambient  or  accelerated  temperature,  (c)  Prepare  thin  sheeta  (.025"  thick,  1"  sqiiara)  of  the  plasticized 
material.  Separate  the  sheets  with  strioa  of  cigarette  paper  or  carbon  paper  and  compress  the  stack  in 
a "C"  clamp.  After  several  days  note  the  oily  collection  on  the  caper.  Please  give  reference  to  or 
describe  procedure  used.  Item  28  is  to  Indlcete  results  when  the  compound  is  in  contact  with  some  materi- 
al other  than  ethyl  cellulose,  nitrocellulose  or  rubber. 


25.  Compatability  with  ethyl  cellulose; 


26.  Compatability  with  nitrocellulose: 


27.  Compatability  with  rubber: 


28.  Compatability  with 


« 


29.  Polymerizing  properties  of  the  new  compound; 

(a)  By  itself  

(b)  In  mixtures  (’•Uh  additives)  

(c)  Inhibiting  action  on  polymerization  of: 

Thiokol 

Methacrylate  

Other  compounds  

30.  Availability 

a.  Amount  now  available?  research  quantities 

b.  When  was  available  material  first  prepared?  

c.  Amount  prepared  at  that  time  ? 

d.  Is  large  production  feasible? 

e.  Plant  capacity  in  existance,  lbs /day? 

f.  Outline  steps  for  a quantity  production  method  


31.  Additional  information;  (toxicity,  hazsfds,  deteriorstion,  oxygen  balance,  detonation  rate,  explosive 

power,  ease  of  hydrolysis  by  water,  etc.  List  references,  reports,  data  books,  etc,  that  refer  to  the 
compound.)  
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■Qalciilated  ballistic-mortar  value  = \ 
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